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cannot be given orally to the patient and has to be given by a

parenteral route. Since relatively large amounts of desferri-
- oxamine may be required daily over an extended period, these
disadvantages are particularly relevant ﬁnd an extensive amount of
20, research has been directed towards the development of alternative

drugs. However, work has been concentrated on three major classes

&

of iron chelating agents or siderophores, namely hydroxamates, {;
ethylenediamine tetra-acetic acid (EDTA) analogues and catechols.
The hydroxamates generally suffer from the same defects as desferri-

25 oxamine, being expensive and acid labile, whilst the other two
classes are ineffective at removing iron from intracellular sites.
Moreover, some cathechol derivatives are retained by the liver and

" spleen and EDTA analogues possess a high affinity for calcium and
so are also likely to have associated toxicity problems. '

30 We have accordingly studied the iron chelating ability of a
wide range of compounds and in UK patent applications 8308056
(published as GB 2118176A), 8407181 (published as GB 21368074),
and 8423800 (published as GB 2,146,990A) we describe certain
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treatnment of conditions involving iron overload. These conpounds co
3- hydr oxypyri d-2-ones and 3- hydroxypyrid-4- ones having a substitug
tthe ‘ni trogen atom and optionally also 05 on one or nore of the carbon
atonsy of the ring, and 1- hydr oxypyri d-2- ones whi ch are substituted on
or nore of the carbon atons of the ring. VE have now found that conpqu
containing two or nore |inked 3- hydroxypyrld 2-one, 3-hydroxypyrid-4-one of
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this can conpli Camehhs-ﬁmsm%m-of-oﬁéweam gzmr-mt ok 11-hgdfvgt er r ed
~that each hydroxy &Y_rldone rin un S

_ of .th e on of the .
three 4 AEo%en BR8N °€rﬁjt3§£%$§?t v&&‘h AP g%agtsses ?he sane
substi- 25 fgti e.ao@rovéﬂxbhdof substitution. Although corrpounds according to

. the present inventio
to 10 or even- 100, cgﬁﬁn%yﬁin g{%ongé,\@géfwgﬁu@?ﬂ ﬁo.ﬁp‘rigégmsmtpgﬁn@)ﬁrml Car’

19 A rings are of particular
int&Fest with thehch itwy osonmunmsbeb%(ﬁele%ﬁfécf’éﬁm hydr pxpyEid12aoRsfent

30 ‘of conditiong-jhyitekyyRddi4-dfed sl | PAGdroxypyrid-2-ones, are covalently
' linked with the rings retaining their adjacent hydtox& and oxo
15 groups. o
-The hydroxypyridone rings in compounds according to the.
present invention may be identical or may differ, either varying
between the three forms of hydroxypyridone and/or, since the ring
may be substituted, between differing rings of the same basic
20 form. In general, however, there is little advantage to be gained
from the presence of dissimilar rings and this can complicate the
synthesis of the compound so that it is preferred that each hydroxy-
_ pyridone ring in the compound is of the same one of the three
4 forms and conveniently that each ring possesses the same substi-
25 tution or lack of substitutiom. |
Although compounds according to the present invention may
contain varying numbers of rings, for example up to 10 or even 100,
compounds containing 2, 3 or 4 rings are of particular interest
with the 3 ring compounds being of especial use in the treatment
30 of conditions involving. iron overload. ' )

. The ability of both the free compound and its iron complex to
permeate membranes is important in the context of the treatment of
iron overload, and it is also desirable for both to possess some
degree of water solubility. A good indication of the physical



The ability of both the free conpound and its-iron conplex to perneate
menbranes is inportant in the context of the treatnent of iron overl oad,
and it..is also desirable for both to possess sonme degree of water N
solbility. A good indication of the physi-cal - 3 - properties of a _J
ympund and its iron conplex in this respect is provided by the val ue c?fd
artition coefficient ([err]) ‘obtai ned on partition between n- octanol
i's hydrochloride (20 mM pH 7.4; tris representing

0- 2- hydroxynet hyl propane 1+ 3 diol) at 200C 05 and expressed as the
(concentration of conpound in organic phase)/(concentration of
poundprapeatiesoas apkempe)nd \4hdr tts lieor coprlendin ahis trespectedpl oyed in a

cont ext a Cati en Pr, d conpounds
Chow a VBl ] e R B B oV DS bt Fosc t han

3.0, esp%‘blpéFF’ytiEB betU*"“aBb‘?/“éaB% g tyigshydraghioride (RBJutned whih a val ue
of K tris fq:repaﬁin‘grm-aam-msjdmeyﬁertaylpfopn(d I1L)-diemplax2m°a.v| ng an

int naI especial l'y of
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bal ance masehéﬁcgesemw@emi leempound tmtaﬂmvar PWFDoné‘ham thee 15 |igand
or li gangl,ﬁ ooy 99& ) h@%ﬁ?l&y‘&&rﬁi Q &dt@ﬂﬂtrehbﬁﬁgcﬁiibid{:aft%n t he presence
of a non- coval enh Q’ bound 1 on or ions to eve aan? In the case of
two i n®TEAPIRAEEn e LR IR 8"'1th§"‘9§?‘?3 ?" Pttt °f Kpatt 1 1) conpl ex
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balance of charges between the iron cation or cations and the
15 ligand or ligands cavalently bound thereta without the necessity
for the presence of a non—covalently bound ion or ioms to achieve
balance. In the case of two ring compounds, for example, this
smallest neutral iron(III) complex'will contain 3 molar propor-
tions of the compound:2 molar proportions of iron(EII) but for the
20 preferred iron binding compounds containing three rings the complex .
- will contain a 1:1 molar ratio of compound:iron(III).] In other
contexts, such as the intraveneous use of the compou_nds in vivo, -
the value of Kpart is less critical. The comments which follow ' \;} .
later -upon preferred forms of linking groups are in part directed
25 towards providing compounds having partition coefficients in the.
free and complexed state which lie in the preferred ranges
indicated above, which preferences as to linking groups also apply
broadly to compounds for use in the removal of the other metals
from the body as discussed hereinafter although the preferred
30 number of rings present inm the compound may then be different.

The hydroxypyridone rings may, for example, be substituted as
discussed in the aforeﬁentioned UK patent applications for the
single ring compounds, allowing for the necessity to provide a
point of linkage for the various rings so that, for example, if



25 towards providing conpounds having partition coefficients in the free
~and conpl exed state which lie in the preferred ranges indicated above,
whi ch preferences as to |inking groups also apply broadly to conpou [
use.in-the renoval of the other metals fromthe body as di scussed ‘

her el#af t er al t hough the preferred 30 nunber of rings present i teée .
compound may then be different. The hydroxypyridone-rings may, fo

be substituted as discussed in the aforenmenti oned UK patent appli &ati ons

for the single ring conpounds, allow ng fog Lfthe necessity to provide a

poi nt of |inkage for the various rings so that, for exanple, if -4 - .
the rings are |inksd riﬁgsou'gh lihiednchrcagk nthat Sreroférelatais thereof tnenpaist i on
of the ring may n pe, te I pes of
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substituted g@Xc'é af ePﬁ c 58% BIATqasR; 2558, %“éf ?é r
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al i phatic hydrocasdleste @rgim adipHayi@racgl ] ptmadsxyq bguibauaﬁborugpwc _
substituted | kox hat es dr.o p;
and\ flor 1- hyg)rboxy?)m?rl b- iB‘?lqet i?| aﬁmsdg caEF Aeant jlpgg?icoﬁsei%l’ hg% h¥%r°x9
hydrogen atons at#%c Hetpheogrdung @d/mnealwmoé anghox rlnpaer# §@| bydregded r om
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am ne, carboxy, cyano, pha cesr:_} al ogen yr% suggci)aoxy
and cycl oal koxy gibdpsal q‘?h P55 TheR WBPoaﬂ’kB%F ofrpatis, Brdroearheg by
~an al koxy, cycl oatﬂaupysubstituted by an alkoxy, aliphatic ester, halogem or hydroxy

15 group; and for 1-hydroxypyrid-2-one rings, replacement of one or
more of the hydrogen atoms attached to ring carbon atoms by a
substituent selected from aliphatic hydrocarbon groups, aliphatic
acyl, aliphatic amide, aliphatic amine, carboxy, cyano, aliphatic
ester, halogen, hydroxy, sulpho, alkoxy and cycloalkoxy groups,

20 alkoxy and cycloalkoxy groups substituted by an alkoxy, cycloalkoxy,
aliﬁhatic amide, aliphatic amine, aliphatic ester, halogen or
hydroxy group, and aliphatic hydrocarbon groups substituted by an

U alkoxy, cycloalkoxy, aliphatic ester, halogen or hydroxy group.
Further description of such substituents as are listed above
25 is to be found in the earlier applications referred to herein-
before but it may be mentioned that the ionisable substituent
- groups (aliphatic amine, carboxy and sulpho groups) are gemerally
of lesser interest than the others and, indeed, substitution of
-the rings other than for the purpose of the linkage thereof is of

30 much less interest than in the case of the single ring compounds.
Since, as will be discussed in more detail hereinafter, the
3-hydroxypytid—2f and -4~-one rings are prefefably linked through
‘the nitrogen atoms thereof and the hydroxy groﬁp on the nitrogen
atoms of the 1-hydroxypyrid-2-ones is required for iron binding,
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aliphatic am de, aliphatic am ne, aliphatic ester, hal ogen or hydroxy
group, and aliphatic hydrocarbon groups substitut ed by an al koxy,
cycl oal koxy, aliphatic ester, hal ogen or hydroxy group. Further descriptig on-
of=guch substituents as are listed above 25 s to be found in the ear
|.\cations referred to herein- before but it nmay be mentiovoned that the
sbI e substituent groups (aliphatic am ne, carboxy and sul pho groups)
g0eheral |y of |esser interesi ¢ han the others and, indeed, substitution
he rings other than for the purpose of the Iinkage thereof is of 30
” beﬁg:hl smfsrt&gﬁ:ﬂoha& linﬁﬁ%QeﬁﬁﬁB ftfret maawglmigédneo csh@poundz 25i ncg, as
C Wi e discussed i et er t he rQ pyr| - and -
-4-one ﬁ'ﬂ’ (S aatr°83p efgoé'gf'? i ea”f’ﬁﬁ%ﬁﬁh’e‘ﬁq e 63%&’ nms t hereof and
t he hydhm:ycgrb@upsmttmnmsmgen Morevwenf atlhbouxhrmeoﬂ;qnyoned 2-ones is -
requiregk ftRE 1ngNcdtbbsli dtdms maysf:&?'}uﬁé’ﬂ%{édﬂ EQY e@an djl% BiCognt 1s more

usually Iimted to the carbon atons of the ring and is preferably limted
to @ i pteaty BtMPer SERERY i Sape fEntiifroeRts suliLlLusAs 8TWPEROUgh nore t han
one of édﬁpoﬁnd'sgmamhcm mprmenr&yr hen&,ubst theut g, cirbioncarvapl € tvvo of 05
such at b t t conmpounds
n whi C%[LB B?‘?A&Qﬂed fx¢ gge&aﬁ‘?d sg“{i%“g%r E%P%%?)‘#éggrvgqsu st | tuted are
pr ef er rwit%t’f- tf@ﬂ b#mn’a\yt.oeé’iﬁrica%ﬂlarMSﬂ}ﬁ)§li¥8 ¢Asbawf atems ri ng but,
parti cumer bib ¥iRBedan By rﬂhegw:@epog}oa{;prr&h@feem&yl&t hd Qﬁ?ﬁhtﬁ?e tiye | arger

gro antage in av0|d ng substitution on a carbon
al i)‘f?Q(Q{'?F %t[qé}'ﬁlno?n °§y§‘i°§'rrflpf’ﬁe§% ﬁs'f X e involved in the

corrpl exing of O CH the corrpound with iron and ot herO tals .and the cl oseu

prox1mt(}égof one of the |arger groups pp{ | ead to steric effects which

i nhi bi t= ¥stenor FatgeoAystma rarer dxvwlaed dnj thergemplegingofri ng being

substitd éd by an 15 ali phatlc hydrocar bon group_ it wll be appreciated

t hat thé) PBrm '

the compound with iron and other metals and the close proximity

of one of the larger groups may lead to steric effects which.
inhibit complex formationm.. ' -
Where reference is made to the ring being substituted by an
15 aliphatic hydrocarbon group it will be appreciaied that the term
aliphatic hydrocarbon group is used herein to include both acyclic
and cyclic groups whiéh_may.be unsaturated or especially saturated,
the acyclic groups having a branched chain or especiélly a straight
chain. Groups of from 1 to 6 carbon atoms, particularly of 1 to 4
20 carbon atoms and especially of 1 to 3 carbon atoms are of mest . o’
interest. Saturated aliphatic hydrocarbon groups are preferred,
these being either cyeclic groups such as the cycloalkyl groups
cyclopropyl and especially cyclohexyl or, more particularly,
acyclic groups such as the alkyl groups methyl, ethyl, n-propyl
25 and iéoptopyl. The main interest in aliphatic hydrocarbon group
substituents in the context of the present invention lies, however,
in the possibility of using single ring compounds containing such
a substituent on one or more carbon atoms thereof as being a more
readily available starting material than the corresponding unsubsti-
30 tuted compound for the preparation of the.multi-ring cdmpounds,_ |



éliphatic hydr ocar hon group is used herein to include both acyclic and.
cyclic groups which may be unsaturated or especially saturated, the acye
groups having a branched chain or especially a straight chain. G oups /f
f"roml to 6 carbon atoms, particularly of 1 to 4 20 carbon atons amd
_espegially of 1 to.3 carbon atons are of nost interest. Saturated alijphat{i ¢/
hydr ocarbon groups are preferred, these being either cyclic groups suych ds’

t he cycl oal kyl groups cycl opropyl- and especi ally cycl ohexyl or, nore
particularly, acyclic groups such as the at Ryt groups nethyl, ethyl,
n-propyl 25 and isopropyl. The main interest in aliphatic h gr car bon
group substituent sIn fthimaregpafte @ethyl (aHRsHHUSRNBEPTRAATS 8f RaTELU AR wever
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. The hydroxypyridone rings m;y be linked‘ through various types
15 of linkizig group, the mportgnt' feature of the compounds being the
rings contained therein and the nature of the linking groups

therefore being of lesser importance. From the point of view _of_



of linking group, the inportant feature of the conpounds being the rings
contained therein and the nature of the |inking groups therefore being of
ek i nportance. Fromthe point of vi ew of -7- ease of synthesis and. .
N\nterference in the netal conpl exing action of the conpounds, homevg_,
s\preferred to use |inking groups which are either wholty of a

aarbon nature or which additionally contain one or nore of the sane or
ent groups 05 such as [ergl etc. For reasons of sinplification of

¢ degcription only, the preparat’ion of conpounds according to the present

O, ¥ L# J(}stﬁéyishﬂd gsé-%tm@rméeh 1R A ai‘ermﬁiﬂﬁgce te the

preparation o ring and three ring conpounds anpl es of
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The latte nven t cont al n ween 4 carbon atons, '
especi al T{Figg%lwgg% %m ! éen rc?a?gotn at m or r}l% ?’u B8P in two ri ng

conpounds, 15 where the arle particul arl y useful are preferably straight

chai @ al %\wheﬂ% “Broutfs, Mirhothh THNE- usENEs atei ngl e linking group in
conpounds CORAirBhdths O @ﬁ@ﬁrn&moalm%af&xcmﬁ&om%ﬁffsahel y be branched.

Speci fic_exa Ies of such strai chai n_al kyl ene groups ar groups [err]
"h whi cHPEFPR SO AR g0 JpE PrBTStCAIR Lo SEt Or 10,
Al ter nathe/éui-thdrl cglb)amvitif pespiznlat refiéxmmesttoatihe Propyratict espondl ng to
a hydrocggs han 4 ;lgu&dl Praai gﬂwoggm;gglngpre carbon atons are replaced by a

n

ni trogen atom and/ or one or nore pairs of adjacent. carbon atons
are Y&pl acedExppphes e@witg?%mr}in@as hmeﬁagaomygnkaw g5PRHRAEDIdy of simi | A/
overal | sdnzend igréup @amﬁuatéu By Ntwobr t@&almetum §foupbpramdi n t he backbone
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contain between 6 and 18 or 24 carbon atoms, especially between 6

or 8 and 12 carbon atoms, and when used in two ring compounds,
15 where they are particulgrly'useful, ire preferably straight chain
| alkylene groups, although when used as a single linking gfoup in
compounds containing more than two rings they must necess&rily be
btanched. Specific examples of such straight chain alkylene
groups are groups -(CHZ) - in which n is an integer from 6 to 12,

20 for example 8, 9 or 10,

Alternative linking groups of esp;cial interest are groups
corresponding to a hydrocarbon groﬁp in which onme or more carbon _
atoms are replaced by a nitrogen atom and/or in which one or more " O/
pairs of adjacent carbon atoms are replaced by a -CONﬁr group.

25 Such groups are preferably of similar overall size (i.e. contain a
similar total number of atoms in the backbone or chain thereof) to
the hydrocarbon groups described above. Certain of such groups

are of particular interest in the context of divalent linking
groups for use in two ring compounds. These divalent groups may

30 conveniently'cortespond to a straight chain alkylene group in |
which one carbon atom is replaced by a -NH- group and/or in which
two pairs of adjacent carbon atoms are replaced by a ~CONH~ group.
They will often contain one imino group in a substantially central
position in the chain.énd/or one amido group located #djacent to



are of particular interest in the context of divalent |inking groups for
use in two ring conpounds. These dival ent groups .may 30 conveniently
correspond to a straight chain aIkerne group in which one carbon atom/ s
replaced by a -NH group and/or in which two pairs of adjacent carbon fatfof
are %epl aced by a:+-CONH group. They will often contain one imno grogp/i
a substantially central position in the chain and/or one am do group L
| ocat ed adj acent to . - 8 - each end of thg chai n, the carbonyl group
t hereof often being bonded to the term nal Or penultinate car bon at om of

the chain. Speci f'Ea&X@@'o?StHEf cﬁdi‘ih iﬂe”lééz%n{rli %99:? QBS:Jo?réﬂteW‘Hg‘Jiﬁk” a -and

b are each an |nte er from2t exanpl'e
especial ly a - 2, Ppndeg toythe te‘%{“ﬁ or penyjtimate carbgn-atgm of; the chALiRnt eger
from1l to 5, especémdciyicl ekamples fofr setadPaling grougs az@d d i s an integer
from2 to 8 for exaaple c - 1 andd - 6, or c - 2 and d - 2 or 4; and e
and f are each an integer from2 to 4, for exanple c - 1, a - 2 and f - 3,
orc-2 10 ° e- 2andf - 2 (valtés o N7 (@ f of 1.1ead to(1)inking
groups contai ni ng the somewhat unstabl e -N—C—N— gr oupi ng) As regards the
overal |l size of these linking gr t case Is preferred .
that 4 [err] 2 ¢c + d [err] 12. angcﬁgic'fq%H &?e E%')(C&I ds preferregz)t hat 6
[err] 2 c + e +f [err] 12. 1In the case of the 1 hydroxy 15

- pyrid-2-ones, where attachng f nKi I § L0 a cagpon
rather than a nitrogen atom@ﬁgc ICBB% h ﬁﬂ g%é (cgitcen corrggpond

- to those described above but with an addltlonal oxy group at each term nus
theregof . Trival entwldrekd RJagd GURFe Qhctiag idtehére fRoE DCBS 6,NFEMN ekiplen2 20

the preparatgon of tRree ring conpound Lnclude hoth the hydrogarbon
and rodi fi ed hydr otarpotP% ﬁ?&g e?reé’{gxhé’r &Fn® bardt 8. ’I'r%y‘ar *of ten

simlar to the di vial=hs |d dkiangintegepsfrom 1 to 5, especially 1 to 3, for
example 1 or 2, and d is an integer from 2 to 8, for example c = 1

and d = 6, or c= 2 and d = 2 or 4; and e and f are each an
integer from 2 to 4, for example ¢ = 1, e = 2 and £ = 3, or ¢ = 2,
10 e=2and £f = 2 (values of d, e and £ of 1 lead to linking groups

containing the somewhat unstable ~N-C-N- grouping). As regards

the overall size of these linking groups, in the case of (2) it
is preferred that 4 { 2 ¢ + d £ 12 and in the case of (3) it is
preferred that 6 { 2 ¢ + e + £ £ 12. 'In the case of the 1-hydroxy-
15 -pyrid~-2-ones, where attachment of the linking group will be to a
carbon rather than a nitrogen atom, the linking groups used may
often correspond to those described above but with an additional
oxy group at each terminus thereof.
Trivalent linking groups of use in the present invention in
20 the preparation of three ring compounds may include both the
hydrocarbon and modified hydrocarbon types referred to herein-
before. They are often similar to the divalent linking groups
described above, modified so as to have three parts each termina-
ting in a free valency arranged about the centre of the linking
.25 . 8roup instead of two. Groups of espééial interest are a benzene
- group which is 1,3,5-substituted by three methyleme groups and
tripod groups conmsisting of a nitrogen atom substituted by three



"f urther t 1A08 SIONRS:i QR PEIFP Fh%trt‘ﬁ?tetecﬁ? EEMN@S P

branched, tyrival ent drocarb n whic
~by [err] ﬁdalﬁé“‘ﬁ‘ﬁ' q%a?’r’é‘go?fo ad?%ceﬁfl (‘?Er?ﬁlfﬁ‘sat

descri bed above, nodified so as to have three parts each termina- ting.in a
free valency arranged about the centre of the linking 25 group instead
‘ G oups of especial interest are a benzene group which is .
Hdubstituted by three nethylene groups and tripod groups consistin f
f oqen atom substituted by three - 9 - alkylene groups, for exanple
} chain groups of 1 te 6 carbon atons and particularly 4 or 5 carbon
g simlar substituted benzene groups or -tripod groups in which the:
| epe or al kylene groups are 1 & ni nal Iy substituted by a group [err]
c j.s.as defined_hereinhefore In this Iatte{) case I nval vi ng
dpt° & t ached to the
ni trogen ecdmbam Gitopheantr pgzsdewiarly 4oy Heachan hyouse eosémilar shorter than
previ oUS! Juygdghidl obnzRh & g2 ¥r iB?da%EE@sg% ‘gl?a%rhha chpfaeeni ently

being of 1 to 4 carbon atons, partl
1, for ex%ﬂﬁyweg@&?bﬁeaimn%hswt T“tf? by angFoyp cAHGON(Cydums |
resp Fct | vileteid\cS@s Gfs GeffRed QierefitdEspdl cIn thes At tér Rade ilvddBAbg gr oups

i Tar tRudkgs S eduiah lnedi A5 1338 iIEE ANGVSCRHLGEALRG 1O o0

al kyl ene group i omis re group and

al so two pmithe njftragen atampfotheatripod Broup amslyagenerally, be @emwhagr oup. In

thi's casegnhdrifér tthhy Hradioud P UindiBateds Me@&ﬂh Sbeqag réﬁ-ﬂ ewaitno a
Shetth Bk

p is replaced
ed by a -
- CONpF  grau. cadboeratains \whley, ¢ tisey, fay ebemvle‘aédz |c|arhmchmr eddth anal ogy
Lo e oilypodnt, 8 QuPS GRwbREakonds B, SUbUlE oShRigaa! kvl ene gr ot/
in which a group I's replaced by T roup ereln s an integer
from 1 toS?‘Sler REATEGE B'é’F-nb'iffal%dﬂmsp‘a*ﬂgéa’b@c%&#‘é@% are replaced
by a - CONptougs Qiégeri@ai ﬁov&haﬁeegﬁdaumg Wo! &n @i kliRn6 Ogodp Nindwiichr ogen 25
at omin a substantially cenhr ‘905| tlh?-n in the, chain and/.or e _
one @arbon atom is Tep ¥y a group and also two pairs o
15 carbon atoms are replaced by a -CONH- group. In this case, the
 trivalent group may be viewed as corresponding to a braached,
trivalent hydrocarbon group in which a EECH group is replaced
by ;N and three pairs of adjacent _carbon' atoms are replaced
by a -CONH~ group. Alternatively, they may be viewed in a closer
20 analogy to the divalent groups as corresponding to a straight
chain'alkyleneggroup-in which a -CHZ- group 1s replaced by
a> N—CO—(CHz)g- group wherein g is an integer from 1 to 3,
especially being 1, and two pairs of carbon atoms are replaced by
a =-CONH- group. . Again, these groups will often contain a nitrogen
' 25 atom in a substantially central position in the chain and/or one
amido group located adjacent to each end of the chain, the carbonyl
group thereof often being bonded to the terminal or penultimate
carbon atom of the chain. Specific examples of such linking

groups are

-(CH,) .~CONE~(CH,) ¢~N-(CH,) ;~NHCO-(CH,) - @
co-(cuz)s- N

-N-(CH -NHCO-(CHZ)C-

¢
(CH,), ~NHCO-(CE,) -

-‘CHZ)Q_CONH.(CHZ)e

(5)

carbon” atons. when ¢ i s _



am do group | ocated adjacent to each end of the chain, the carbonyl group
t hereof often being bonded to the term nal or penulti mate carbon atom g
the chain. Specific exanples of such Iinking groups-are [err] -10-
.wherein c, e, f and g are as defined above and h is an integer from1l
pre;ngany 2 to 4, and especially, for (4, c- 1, e - 2, f - 3 and g
or ¢- 1, e - 3, f - 4andg-1, or c- 1, e - 3, f - 4 and g - 2, and
(5),’)c- lande-f - h- 2o0of c- 205 -10and a - f - h - 2. Asregards
the overall size of these |inkjng grou the case of (4) it

preferred that 6 [ER¢9eiD & . & 294 g[éFé)]“l‘?f\?oﬂ?q &poyp aad f ip ‘f:“ i’éﬁf&e’r'n the
case of (5) it is praf erted, prafefablycnich &f add especiaily, farc(tw},ecdn h, and 2
c +f + h the sums_greate ap ok l.t40 6 byt Jes =0 ual, o
12. 10 Ashr e%ér%s ?%‘n eal éht ?nk|1ﬁ?§grgbpés t§eat§ga€ra ﬁvmeo? élpa?‘fl -
cul ar conveni ence edhtai h =a4famd| § HRrareferr 4Pbos Atbard & =vhi ch HéyohE = 2

attaﬁheﬂ tgdfotsur glrulimQS-vmmm =2R¢ lethfgrarwahhymﬁfzaﬂ RY£Y Qf ﬁaaagm(}nnﬁyre
or ich additiona con ot her__gpQups su t cfi
“hereinbefore. An eX:fBfe %’T i??’llcgs? fﬁe&g ! |’fﬁx ey%ﬁatg?’o\%p{ ﬁagethe foltn
“ [err] where each owhiistag 1sb‘l aied3o'and sinathe maege:f {¥)odr 1is préferred thamnpl e

the same integer, Fobs Pahl Gl gre lu@ku B JeoUR bayigdg £ach O l@1th§ sumPignd b’
- 1. By way of furt gui dance in _the selection of suitable 20 I'1 nki ng-

groups it may be sS"aﬁaéGrt'ﬁ‘&P or Gﬂ“ﬂaF? 6 Bptalegs Fhar 4, Eﬁi‘"&oﬁ‘bdﬁnds in the
. case of the 3ohydroxypusi ﬂgﬂrd}ﬂ&étﬂd@&ldﬂﬂ LA fg egraaiss ahedeh@ay iwlgls pamyi-
~conveniently be separated by 6 to 12, preferably 8 to 10 atoms, I1st with

the 3 hydr oxypyr] Ie draANEsvRa AU nln 42ROy Sedich J:ﬁrboﬂrgfﬁr l Ynfatl © 11

- or at ons

may be attached to four groups which are éither wholly of a hydro-

carbon nature or which additionally contain other groups such as

those described hereinbefore. An example of this type of linking
15 group has the form

(CHy),

-(cnz)b t‘C'(CHZ)av"

where each of a, a', b and b' is an integer from 1 to 6, for example'

the same integer, a particular linking group having each of a, a', b

and b' = 1, .
By way of further guidance in the selection of suitable -
20  linking groups it may be stated that, for particularly preferred

compdunds, in the case of the'3-hydroxypyrid-2—ones the nitrogen
atoms of the rings may conveniently be separated by 6 to 12,
'prefetably 8 to 10 atoms, whilst with the 3-hydroxypyrid-4-ones a
-conveﬁient'rgnge is 8 to 16, preferably 9_to 11 or 12 atoms. The
25 situation with the 1-hydroxypyrid-2-ones will depend on the position
of attachment of the linking groups but, in the preferred case of



¥

"25 Si tUat ion with the 1-hydroxypyrid-2-ones will depend on the posi t_i on

‘of attachnment of the linking groups but, in the preferred case of

. a substituent containing a suita

l'i nking of- the rings through the 4-position, the situation is anal ogous {0 .

~ thatyof the 3-hydroxypyrid-4-ones. The conpounds according to the pr esem',

vegt\on may be synthesised using various different approaches. In the ™
I JELY 05 the 3-hydroxypyri dones, as nentioned hereinbefore, |inkage
sugl |y effected through the nitrogen atom of the ring. One approach,’
Wis particularly applicabl e tdthe 3-hydroxy- pyrid-2-ones, involves
react/on of the 3-hydroxypyridone,. in a sujtable proportion, with a reagent
provi di ng-iang i‘%k?%grb‘?%ug{‘% the\ARTPé’ﬁgEJcﬂ‘i‘raT}f‘Fssf‘ tiohd8pri at e number of
funct i onadnajogausste apablaof olie Behyptriogypyaiitdfi<ohes- NE- group of- the pyridone.
Thi s procedurg,J ti [ tji,on of two ring
conpounds andﬂ.?séui%f%lugaé Jﬁgﬁ%[r}gl%?%%eéﬁ%l %%gn?%%r)%%c?egroup. Routes to
C- subst i t¥/EReISRY 1S3Rg (FpFiensn dit ferentiappinaches nln (fbe gasgatlnt 15
gp]pbgcatiﬁmsagesemgafﬁn&ép?alﬂa%ﬂﬁaﬁd erédﬁbbﬁ:\%h_ al @ibUtb as indi ca}g ed
efore, the npre_readi avai conpounds Ln_ whi t he carbon atons o
the ring 48 n§5%%°tatﬁlu¥¥ "%? t ﬁb‘@'ttf? eﬁt%“nf’lf/ e ﬁ‘rchal iPfati ¢ hydrocar bon
group ar eapprogghgavitichi is garticularigt applingbkenterthel 3-hydfoxy- A se‘cogdb
approach 4 L e | ' ~hydr.axy | ' [ substituted by
h dy248lieTed £a6Yd198s OJe;eug;lnexg & maﬁ&}gctl #\{ua ofif, 15 A

irst fan roup with a reagent -
cont ai ni iPidahieaBrPoriiotd it &t Tea8ant Froyiddns oibey PHBIOPR h said first.
grogg, thehikh rtk:imagmgsrmpaﬁﬁfdwiuil@af hsterbof lifuhbaohhsl \g26tpd ufﬂﬁablgndht hﬁ u
reagent. T rocedure. is_o rrticul ar_appl cation.for both the

3- hydr oxyepgf/%cli&?ﬁ-ﬁégd&%ﬂlgnhe? TR Fﬁet%ﬁr%yﬁgfl% e|D‘onJmo Praseftify and three
ri ng conpunfiparsirhlaniintprestf dontthe rpriepgpratdps dfntvaddng cowpdyndat i on of a -

- carboxy GinaUpuitas1@ FuAdt 1o8al RbEps ShiftAe G 16d0 WRbG) NBatks Wt tached to

the 3= hy oL QYR EO 3 oty 2ddiss S WiSBeLd 1"Ge vk patent

15  applications 8308056 and 8407181 referred to hereinbefore'but, as
indicated before, the more readily available compounds in which
the carbon atoms of the ring are unsubstituted or substituted oniy
by an aliphatic hydrocarbon group are of greater interest as i
starting materials. _ _ '
20 A second approach involves reaétion of a 3~hydroxypyridone
which is N-~substituted by a substituent conta%ning a suitable
first functional group with a reagent containing suitable second
functional groups for reaction with said first group, the linking W
group deriving from both the N-substituent and the reagent. The
25 procedure is of particular application for both the 3~hydroxy-
pyrid-2- and -4-ones in the preparation of two ring and three ring
compounds, and suitable functional groups include a combination of : - ]
a carboxy group and an amino group, either ome of which may be :
attached to the 3-hydroxypyridone and the other of which to the
30 reagent. Thus, the hydroxypyridone may, for example, be
| N-substituted by a group -(CHz)ifCOZH or -(cnz)i-nnz wherein 1
is an integer from 1 to 5, for example 1, 2 or 3. The reagent in
the former case, which is the preferred one, may.be a di- or
tri-amine, etc., and in the latér case a di~- or tri-carboxylic
35 acid, although it will be appreciated that it is usual, whether



30 reagent. Thus, the hydroxypyridone may, for exanple, be
N-substituted by a group [err] wherein i is an integer froml to 5 for
exanple 1, 2 or 3. The reagent in the former case, which is the prefer
one, may be a di- or tri-amne, etc., and in the later case a di- or
trl-éarboxyllc 35 acid, although it will be appreciated that it is
usual , whet her - 12 - the carboxy group is on the hydroxypyridone
reagent, to activate it bfore reaction. Suqgh activation may, for exa
i nvol ve the use of an activated ester such as the p-nitrophenyl or

1- succi ni nyl ester tBé&ctacboxy grouvpeisiddathd hydroi@atidédee of i thg Feagenty t05

group, for exampl ea by Be0a gicR. e Y flen’ SASH AB AT ol WdhLDe

activated ester group ormeor activa car
approach may be uséavdlyeithe e%ssefo#n Pheivaieg/#éwsuﬁyrﬂﬁdthﬁ prrigrophenyl jor |s

possi bl e to react Q-Q&iﬂfmylrést%mﬂﬂ iﬁ-Qlill beV\hidllatd)'beéﬁEEeﬁle ring hydroxy

3- hydr oxy- 4-pyrone, for enz rone, | ace

ring oxygen %om b~ %Ppm ggﬂ“l’éfo'm gf"t f"é’ag%&ﬁ‘fﬂtt’r‘ﬁﬁt%ﬁ)é?ﬁr?knkage
of two, three or neith thagetiGzed 2ates- dtydw oxyothepyfammcef astivatad dalnboxy
unsubsti tuted corrpgné}g, and the 2-nmethyl substituted conpound, maltol, are
avai l abl e 15 rciall O her readily avail able conmpound i ncl ude
the 6-nethyl substitut 35‘(&)%%3”’%%1&!’?0‘?’- uggd 18t ther case,pf \ghednhydrexyred

gigptizgd? whose S%/B}ﬂgshsoﬂeﬁlﬂﬁ%fitbﬂﬂb ﬂoasiiigiggwlrbfsac at aﬂnose:r:uakmﬂus Putrber
, seri.gs o e t,enper erre at ent
3,376, 317. 20 go with AP’s%&Sﬁ%? £§ﬂﬂ‘é’%ﬁ‘°§ﬁtﬁe g% p%'?’&%# Ey4-
descri bed above i npptones tohgepiage othearingageygen| ayom] byvacnitirngen iagomof defei ned

herei nbefore, and Tr@f‘gehﬁaﬂﬁnihfseéfﬂecttﬁnﬂﬁé‘@%ﬁeﬁﬁo”&&‘égd& ROFd Fifgglg two or

f I k h - 2- - d- 4-
r Ce)g [r:)e c ![ Inv 2 ? Y, 3 f g? ' O;% Ie‘g-pﬁggqr;gng Epy%n)es R suc¥x Zs the un%ﬂl?striltﬂged compound

and the 2-methyl substituted gompound,-maltol, are available

15 commercially. Other readily available cbmpound include the
6-methyl substituted compound, isomaltol, and other 2-alkyl
substituted compounds whose s&nthesis is described in US applica-
tion serial number 310,141 (series of 1960), filed September 1963,
referred to in US Patent 3,376,317.

20 A specific example of such a first approach as described
above involves the use of a reagent I-(CHz)n-I, wherein n is as
defined herginbefore, and the reagent C —4-CHZBr)4, to prepare
compounds containing two or four linmked 3-hydroxypyrid-2—one or

\,) 3-hydroxypyrid-4-one rings, respectively, for example the rings (I)

25 . and (I11) as shown hereinbefore. Specific examples of the second

approach utilise g teagent.HzN-(Cﬁz)d-NHZ, HZN-(CHZ)e-NH-(CHZ)f-NHz,

(CH,) NH, .

N (CH or
NG

Z)j 2
(CH,) NH,




25

and (111) as shown hereinbefore. Specific exanples of the second

approach utilise a reagent [err] [err] - 13- where d is as defined
herennbefore, for exanple being 2, 4, 6 or 8; e and f are as defined

nkefore, for exanple being 2 and 3 respectlvely or each being 2; anv
any k are each an integer from1 to 4, for exanple each being 2 or

3 and 3 05 respectively. 'Such reagents are used to prepare
cqnppungs contai ni ng two or three I nked rings by reaction with a
3-N ypyrid-2- or -4-one, for Dl e a conpound correspondi ng to one of
t he Yof nul l5) ( | ?E? N, Nysu stituent, for
exanpl e - awg‘r&(')éup‘)i f"; e 5%%.11@& hi@gyﬁigr?ﬁ E?P \Pa]Te d‘p‘f" T%e third. '
appr oach 9gy beeMdfvﬂqeha%l @éb‘g@nbe%ﬁinﬂfaﬁt (foshmpaeé’enbéd for use in
5 hfe segoRdnaapEeeﬁvaélgr oemamlmag rRagedd 1| ?ﬁd‘mﬁﬁé’ eacﬁbmii.fb ar ef as

efi ne rei nbefore e s as defin ereinbefore, for

exanpl e béf omgl %6 4rm{"é E’&Wiﬁﬁéﬁ%ﬂvi&s or %"Pﬁ P it

havi n

reage

ri ngs
group
pyri d
rea

con

t hese
of th

types

. 1inki
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cor rQﬁspond’esvcttdWealqu rSuchgrepgents @R us@&)toopr(p&)eammdeumdm bt alteingi nbef or e

9 C tud &némtgrmm&'m oyt BEadt1fE Wh oL GfadoRy 18000 OF OUD, such

nts belng used to pre npound contal ni Ng t ree |inked
by PEaTA 8% P afm.aomsuw:ceﬁwpﬁmgt% ope Rfeghed hydroxy

, fOffoﬁiiﬁﬁE” Igl)lzso wdn tdaesﬁbdaenewiasmrayﬁqnefn Wéﬁb%‘iﬂﬂf&il'tﬂg to t]be
ones aln . : eC S CITIiIC
ent s r?é %F%éi%g BROMR '(4?\/%?@‘{ t@l\gﬁzéﬁ/ﬂp z)a’ft‘%gﬁ q%gcgc )

| enbty-(f‘a§)5a-ﬁ20 H tisr scttiveted Gomos'axedehttd Iamkoabb\ny)b(:maed der ation of

var s aapasgaaermim eo Stiidle | iakr1ted Kot use 1808 WBSHRANCES, cer t ai\a/

e linkin roups descri bed above are preferre e. case of certain
of ’I’rytﬁ‘ﬁigp FOSF@PLm @ Efagsnt Hipl-(GHy) g ofRr (PR, oo ¥hexena sane type of
Ng gmad[b @By dscdefined hereinbefore, or H o N-(CH,) -NH, vhere n is as

defined hereinbefore, for example being 8 or 9 or more conveniently
with a reagent corresponding to a linking group (2), (3) or (4) as
described hereinbefore having ¢ = 1 and’ terminating at the free
valencies in an amino group, such reagents being used to prepare
compound containing two or three linked rings by reaction with
3~hydroxy~4-pyrones having a protected hydroxy group, for example
' tﬁe'o-benzylated pyrones corresponding to the pyridones (I1), (III)
and (IV), followed by deprotection. '(Such specific reagents may
also be used in the secbnd'épproach. although less conveniently,
as an alternative to those described above.)
Consideration of these various approaches will show that, in
 some instances, certain of the Iinking'groups described above are
preferred in the case of certain types of hydroxypyridome and also
that, in some instances, the same type of linking group may be
produced by different approaches so that, for example, an amido
function in the linking group may be present in the reagent used .
to form that group or may be produced by the reaction of an amine
group and an activated ester group, one of which is attached to
the reagent and the other to the hydroxypyridone ring. The
selection of a synthetic route for the preparation of a parti-
cular compound will depend on various factors, including the
relative availability of suitable intermediates

i



produced by different approaches so -that, for exanple, an am do function in’
the linking group may be present in the reagent used 30 to formthat
group or may be produced by the reaction of an am ne group and an activ
ester.group, one of  which is attached to the reagent and the other to
- hydrigxypyridone ring. The selection of a synthetic route for the

preparation of a parti- cular compound will depend on various factors,
i ncludi ng the 35 relative avail ability 4f-suitabl e internediates
14 - It wll be appreciated that the present invention extends to the

vari ous conpounds, per Itarildihenppruscéatad that $hepresantciaveption eftemfecte

three approaches dege vhPRfhsabiipBuldy, pECsé) cboaMIABIE (BFE: Yl Bpddi®ic examples
3- hydr oxypyri dones. Ot?l | n tge é'é's'e fdtalﬁe 1- ¥drox¥é)yr| d- 2-ones it
i's not possible to°hfPEEE PFAKABREBF th °-?‘fﬂ§§ MPLLFRT (HPE 17 (PRGN ons

t hereof and | i nkageiths thérnS-bydrosymyrideriesd at one of the carbon atons of the
ring. The prgéerred ap h | 4.k} | Q e d
approach descri bed abo%q?%rcgts%eéﬁjﬁﬁﬁi1rfa§%#a§?%y§r %J)'(ﬁqgllj% @ Jogyl?cf%gggﬂ and
-4-ones in that itt? eFbectedinkage Rfethe Tings [thEeyshy the Pitrosse Atadsh FprFRPLa
substi tuent ?on}] ai aﬁmgiwm itﬁhh&éfhﬂ@@gﬁé@deﬂg&i)uﬁe d£0 kheé Xa FitnCa tdmst 61 o
4-position of the [in i i eacted w t re t,.containi sui t abl e
functional groups t(')er grhé%fct?%?n p?ﬁ%errés\ﬁ; taﬁ.pw%;g %’r es\??%ﬁgnﬁfngc%sssaf‘%g we to
relation to the sethm@edsnd apprapeh dastrihed abpive (fo2- thed Linkipg rafd3chydaexy-

-4-ones thergfore FANLLES sk SQ-biled 38 tHa8SANUnvGlEs the! fbel BE M6y ON
t hat .groups such as I] ein i is as defined herein-- before, are

nore/usual |y attac e’[‘%’%‘er. ngéa‘r Bttt utAtoFoRtaining | AR5 e funcsonal
t hrough anot her gr geyup, piort exampde (e eire 46posdfiion of grheuping, nwhdichvisoireddred
O e o 2 LT A Tk SO B il D e
substit ut ed Corrpoumﬁ-’.e"ﬂ% e previous discussion in relation to the second
15 approach used with 3-hydroxypyrid-2- and -4-ones therefore applies
also in the present case, with the modification that groups such
as é(Cﬂz)i-Cozn or -(CHZ)i-NHZ. wherein 1 is as defined herein-
before, are more usually attached to a ring carbon atom of a
1-hydroxypyrid-2Z-one through another group, particularly an -0-

20 group, in view of the greater ease of synthesising aminoalkoxy and
lcarboxyalkoxy substituted 1-hydroxygyrid-2—ones'as compared with
the aminoalkyi and carboxyalkyl substituted compounds. The '
synthesis of such substituted 1-hydroxypyrid-2—oneslis discussed

' va in detail in the co~pending apblications of even date referred td

25 hereinbefore but it may conveniently be achieved using a compound
such és 2-chloro-4-nitropyridine~1-oxide for example, which may be
subjected to nucleophilic substitution to replace the nitro group
by a substituted alkoxy group which corresponds to or is convertible

_ ~ to that'requiréd, the chloro group then being converted to a

30 hydroxy group by basi§ hydrolysis. It will be appreciated that
the present invention extends to the various'compounds. per se,
obtainable using the specific feagents_referred to above in connec-
tion with the second approach for the linking of 3~hydroxypyrid-2-
-and -&-ones'when'used in conjuction with a 1-hydroxypyrid-2-one



‘2-chl oro-4-nitropyridine-1-oxide for exanple, which may be subj ect ed to

synt hesi s of such substituted 1-hydroxypyrid-2-ones is discussed in detai
I n the co-pending applications of even date referred to 25 her ei nbef ore
but it may conveniently be achieved usi'ng a conpound. such as

ophi'li,c substitution to replace the nitro group by a substituted \\'
{\ gr.oup whi ch corresponds to or is convertible to that required, the

117 o group then being converted to a 30 hydroxy group by basic

/ sis. It will be appreciatel® fhat the present invention extends to
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~of 3- hy dwhscedyré dsoas defiined-hereinbefove andets iprefrraplic Bresteni t h a

1- hydr OXYiRaH i die? tﬁ@ecase o 1Re -1atbi £ hyps oF stdhist i tmke&rwxﬁg%wp [err]
wherein i is_as herei nbefore anrd IS preferably greater than 1 in

the casebf P‘Fleinl éﬁigf’tﬂlﬁet‘bf Fr&ﬁj|§°mefh%‘§?arﬁ%<§?°§tf cuReS\fl be in
act i 051t egrdupr #ay Rofemibotlycbe Gabsritaned hat the Ypmmieio)of thgr oup may

conveni ent { ed -at the 4-position of the 1-hydroxypyrid-2-one.
T

VWhilst it nost convenient to use the .conpounds according to
the present Whidatt Fbﬁ'ﬂ-h usiallyo peramiost otamveninng tmpseftheour se be used in.

salt for gadpousi@s atestdin I&Stﬁselpaesem mvfea&mdibeih\éemmﬁl ol ogi cal l'y
accept abl e catlo and 't anldogbf or.ne he | oss of a proton fromthe

ring hydFRy™8¥ QipSowse e i PO Lfﬁgﬁ‘ﬂae?ﬁ‘lﬁ § may of course
be i 10 safdrnedrimtvéere asymsrietogcellycsnm;nuke &etizndamy) the anlenpresent 15 .
i nventi 0g, ry agqh Vigdl pfh s between the
hydr oxypyr &ggng rtlxﬁgls?ggs i ﬁ ust%gt e h{el{riel na%ter oQﬂ %‘1’ Exarrpl es.
ConmpoundSPRFSEria 3&%‘%’63%?3"’%’14"‘8% BFpar By 6f orres ﬁleﬁg groups

cont ai ni sgitambee functi ons may readily be prepared

The synthesis of compounds according to the present

15 invention and of various reagents providing linking groups
between the hydroxypyridone rings_is illustrated hereinafter in
the Examples. Componnds useful as reagents 1n.the preparation of
1inking groups containing amide functions may readily be prepared
from suitable amine precursors by resetion with the appropriate

20 - acjlating agent, conveniently in the form of an activated ester.
Thus.'for example, the amine N-(Z—aminoethyl)-1,3-pronanediamine_
used in Examplejé.may'be reeeted; as described in the footnote (1) (A)
and (B) to that'Example, with a glycine derivative in which the
csrboxy group is in activated ester form and the amino group is

25 protected, for example N—benzylglycine p-nitrophenyl ester, to
provide, after removal of the N-protecting gronp, the compound
H,N~CH, CONH~(CH,) ,~NH~(CH 3-NHCOCH,-NH, or the compound

oN-CH, 2) -
H,N-CH, CONH~ (CH,) ,~N(COCH,~NH, ) (CH,) ;-NHCOCO,,-NH,, depending on

tﬁe coiditions used, Thu:, in ethyl acetate and like solvents the
30 former compound will precipitate from the reaction mixture and the
- latter conpound is not'formed even in the ‘presence of a three.
rather than two, molar proportion of the glycine derivative.
However, in a more polar solvent, such as dimethylformamide,

three molar proportion will lead to the formation of the latter



from suitabl e anine precursors by reaction with the appropriate 20 .
acyl ating agent, conveniently in the formof an activated ester. T
exarrpl e, the amine N-(2-am noethyl)-1,3-propanedi am' ne used in EX

actlvated ester formand the amno group i.s 25 - protected for
N-benzyl gl yci ne p-nitrophenyl ester, t o prbvt de, after removal of
N-protecting group, the c und [err t he conpoun eryr] . depending on .
the conditions u§%‘t?°“ndl'hu‘ghr£p%ﬁ“&rh§/‘fm"£8re‘{ gf%q’gn i R® é‘ ﬁ‘v‘@lnfléethe 30

f or mer cotrpound prdparprieai ¢f tted eihg cyompdrnds eat amrmmdtvalse aayl behe | atter
compound s NOt {QITES 18VE kol Pedd Sudl 8 1aeiff1afarll Sfren” oty t AN L0,

nol ar proportion of the glycine derivative. However, 1n a nore polar :
sol vent, such asa®ingedifi f FHANITEECt1O0: Wirtdea Ayl habler &ﬁé??#‘@nd%WPt¥V€ad to
t he formatloos of féthexdmpllbfruill leadOto :ﬁ@rfpewuionﬂfetﬁorcwouaorrpound may be

used as such in ri ' | ternatively,
-may be reacted |h2r}§cgzﬁ%@g {Hﬂjﬁgﬂﬂggéd&ﬁﬁkt’@?? ane gg&)é[&ﬂ aﬁ;ét her am no
acid. Thus, reactionIwniwihl besaprrabiatefcthalt- theqnioredures vintdhybaveQbedmyr
~exanple, wll |egtctPhdd8nd Qiﬂi?stérQEe&)fheI-é]ﬁ W%@c&fé’ﬂ tefleeNde lto bée

appreci ated that the procedures which have been described and illustrated
herein with partPEdpst i@e?%r%c’é-“&oaﬂdhéhﬁﬂ‘oﬁ’d@t cROBRds; RBy ern‘b"Pé‘ &t hree
ring conpounge nmhbepmphﬁd d&iﬁ&dtiawmbepmeapmmﬁd‘m cfitciodpounds t he

duct f t t |
b appr col at ed- ¢ ROTAEHRer BiieoE oL, Byt b0, I Yoo BT iEhetdch |

preci at ed t it
\"Ee conpoundsthst thee tpuwemscirﬁh%taremoandwtm vmeeu@aawéuenm ithes may -

be used as will _@tﬁnpamr 601enbOpdeBOSE 18kddth64l dnd ¢HAR Rrlious alternatives

| may be used as will be apparent to those skilled in the art.

15 The compounds may be formulated for use as pharmaceuticals
for veterinary, for example in an avian or especially a mammalian
context, or particularly human use by a variety of methods. For
ingtance, ' they may be applied as an aqueous, oily qr'emulsified
composition incorporating a liquid diluent which most usually will

20 .be employed for parenteral administration and therefore will be
sterile and pyrogen free., However, it will be appreciated from
the foregoing discussion in relation to desferrioxamine that oral
administration is to be preferred, and the compounds of the present
invention may be given by such a route. Although compositions

25 incorporating a liquid diluent may be used for oral administra-
tion, it is peferred to use compositions incorporatiﬁg'a solid

- carrier, for example a conventional solid carrier material such as
starch, lactose, dextrin or magnesium stearate, the oral composition
then conveniently being of a formed type, for example as tablets

30 capsules (including spansules - Registered Trade Mark), etc.

Other forms of administration than by injection or through
the oral route may also be considered in both human and veterinary
contexts, for example other forms known in the art such as the use
of suppositories or pessaries, particularly for human adminis-

35 tration.
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15. The conpounds may be fornmul ated for use as pharmaceuticals for
veterinary, for exanple in an avian or especially a mammalian context, or
particHdl arly human use by a variety of 'methods. For instance, they may be
appyleelhas an aqueous, oily or enulsified conposition incorporating a w“j
N\l uent whi ch nost usual ly will 20 be enployed for parenteral
.tlon ‘and therefore will be sterile and pyrogen free. However, -it

defe riNajam ne that oral admnistration is to be preferred, -and the '
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hown in the art such as t S SURROSI t ori ries,
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f or mul at eaboph Wdi g @oéageﬁvmﬁpary éOSQSan#B mrwmﬂ@lrs&ﬁkst kodyor t i ons each

co_rrquei %ightl%hﬂosﬁowe%r, ﬁuﬂllp'o@ #brédiridlthiPl R pfy Beunit dose.
Wi | st the dosage of .active conpound given w II depend on various factors,
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of 'the a?ﬂp&; fa&éo%i:?i %Eeﬂie B%ste'ﬁ@ IH&gR{EoQO ) Cu%?%lftgf? £ qgchi eved

out about 0.5 g to

Hoveyer, day vé linchfieappi ek adfodftabnit nmay be
' The 3-hydroxypyrid-2~ones, 3~hydroxypyrid-é4-ones and
1=hydroxypyrid-2-ones all possess a high affinity for iron(1lI),
as evidegced by log Ksbl values (log K ol is defined as being
Fe(L)n + 21 -[szp +n log aL(H ) + m log aL(Ca )]
20 whe;e log BFe(L)n is the cumulative affinity constant of the

equal to log 8

ligand in question for iron(III), szp is the negative logarithm

of the solubility product for Fe(OH)3 and has a value of 39, n

and m are the number of hydrogen and calcium ions, respectively,

which are bound to the ligand, and aL(H ) and aL(Ca ) are the S \_)
25 affinities of the ligand for hydrogen ioms and calcium ions,

respectively). In order to sélubilise iron(iII) hydroxide,

log Ksol
transferrin, log K

must be greater than 0 and in order to remove iron from
ol should be in excess of 6.0. The log Ksol
values for the single ring compounds 3-hydroxy-1-methylpyrid-z-one
30 and 1,2-dimethyl-3-hydroxypyrid-4-one, by way of example, are 10.0
and 9.5, respectively, thus comparing favourably with those of the
bidentate hydroxamates at about 4.0, of catechols at about 8.0, of
desferrioxamine at 6.0, and of diethylenetriamine penta-acetic
acid (DTPA) at 2.0. ' '



appropriate under certain circunstances to give daily dosages either belo

or above these levels. Were desired, nore than one conpound according ]
the present invention nmay be adm nistered in the pharnaceutical conposi
or, indeed, other active conpounds 15 may be included in the conposit{
The ‘3= hydr oxypyri d- 2-ones, 3-hydroxypyrid-4-ones and 1-hydroxypyri d-2- of
all possess a high affinity for iron(ll1l1), as evidenced by log [err] values

(log [err] is defined as being equal to |og1B - [err] 20 where'log’ .
[err] is the cunulative affinity constant of the ligand in question for - " °
iron(lI1), [err] i S THe comgbainis &fl ciga piéduie ofnviehelmmohatei keétvaipr oduct for-

[err] and has a va | ci.
i ons, respectivel y'l,’%%ﬁgicﬁﬁe%ére 6@,{;};15@% ?ﬂﬂ Jiﬂ% %,g ri%é J%?Eﬁ dfqﬂfca e
are the 25 af f | eanlien USf Pateat|qppatentions Feferrgdnto bﬁ%eiaheﬁoeab o*F‘uh#qdons

respectively). In pigdeitd @etllsybila ferdicandd,! taeyhyakdoa&bdemltﬂghéers&hmsy
be greater than 0 and.in orﬁler to re e-ﬂ"ron romtrgﬂfgrrln otﬁ_‘[
‘shoul d be in BxcesEoBEeRtS) thaneRy | Tegoy iR, Fhe, Aepd FO; Bie tdppd) BUREHLS eat’

conpounds "3- hydr oxgrdbpaetohyhqreasel-s2abiid t30 Thismeghanced stability is due to
1, 2-di net hyl - 3- hydgax upyrded- ée008, oBYLIAY R EIATBL Gt , Ut Lbpl18)'D nre

respect i vel y, thus conparing favourab % hose of 'the bi dentate
hydr oxamat es at abBiR8 “-’Gde’b‘f“Ea‘E@(?ﬁ'b‘f "é?h &B%‘tnﬁ) O'ilbfi“HE%‘feef‘r#r&i&?ﬁ ne at
6.0, and of di et hyisdiehsd afl éitrpe ithaGRth thaCeqhitvdlehnA) sidgl® . .fAng bidenthte-
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conpared with the Si npoun _
applications refer Fmot dﬁ%mewbeﬂdVeOf ithe thiemadentate Wigdndds glearlyndemon-

particular, they tgnd:bd vyavfe MidhRios e2Bhdt™, YeHdS fractod Peaftion (119" Bolhd

renovi ng the need to use additional substjtuent groups {n%ewnc&eas

stability. This enffb8dexadsntate foproupdcbeinge relitively ot of dilutiom,
whereas with the bidentate compound, the binding is strongly

15 dependent on dilution. The hexadentate compounds of the present
invention will thus generally be superior to the corresponding
single ring bidentate compound for combination with free irom.
However, the size of the hexadentate compounds in some cases may
interfere with their ability to combine with bound iron in ferritin,

20 and consequently some of the single ring bidentate compounds may |
be more effective at removing iron from ferritin than the corres-.
ponding hexadentate ligand. The compounds are however fully
effective at removing iron from tramsferrin and as such removal is

W effected a transfer will occur in the body of iron bound as ferritim

25 to iron bound as transferrin, thus allowing'the removal of ferritin-
bound iron by the compounds, Although the lower efficiency of the
compounds of the present invention, as compared with such single
ring compounds, at removing iron from ferritin therefore presents
no real problem, it may be advantageous_in_some cases to use the

30 compounds of the present invention in admixture with a single ring
compound, which may contain the same form of ring as in the linked
compound with the same type of carbon-substitution or lack thereof,
the same form of ring differently substituted or a different type
of ring system, suitable single ring compounds ﬁeing those described



the chelate effect, so that the reaction of, for exanple, a three ring

hexadentate compound with iron(lIl) wll involve a greater increase in

entropy than with the equival ent single ring bidentate 10 conmpound,

whereas the enthal py increase will be sim.lar in each case. The superi orvty
e hexadentate ligand is clearly denon- strated by the "dilution  °

\ » the fraction of iron(lll) bound to the hexadentate conpound being

rel. ely independent of dilut+a9, ~whereas with the bidentate conpound,

‘3 hding is strongly 15 dependent on dilution. The hexadentate
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i nterfefae \R/F%?F“Fh%ﬂ"t“&%ﬂ“l F?‘y‘af‘-ﬁi‘tﬂoﬁb'feﬁe%mdmmﬁahzrow A~ ritin, 20
and consmemdy $figRe Of ing heompbogH efrumgsémedeyﬁeammmdnd@ may be nore
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i ron froubopagtone by nnaaidphstisumrpmwsnospeqff écted earbemnsfer will occur

in the bagy, oéuchrmg@emqg %@&:{dst ban%5tnoset&slcimdbwrmﬂ as transferrin,
t hus al | owi n he renoval erritin- bound iron i%tgt he conpounds.

Al t hougF@%eRe ‘}P@Jré?até"f’?l@loé% oPUBnBIRERRD Fhathtse T8 Mdesent invention, - as
conpar esingleé hringcdompoitiise willn gxitibie OvargiSef faki¢ntnrdnNgendvad fromferritin
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use resent rnventron In e wth a

Si ngI e Paimdy c‘!?r‘rﬁb%ur%re%?@& qmr@dﬁt%ﬂdnb?‘*?é Seomensindi 1 théng as in the \o

li nked sgign @uml V‘é&nlﬂoﬁxhﬂ $PGE vh Y 10Tmagati@nns WBstddebd @9 oe | ack thereof,
t he sa rlng?‘gslfferently substituted or a different type of ring

system ring conpounds being those descri bed 19 in the
af orenent i omd prénm_kwrehtmn thusp dhehidea pp lcoopiund nin wikkoht el ar |l y of

| NUEY eSkr dhfe PiAfd 8810 sEHMRY HIn2ERPE Pyl R—2-0nes and
3-hydroxypyrid-4-onés, are cdvalently linked, with the rings

retaining their adjacent hydroxy and oxo groups, in admixture with
a 3~hydroxypyrid-2-one or 3—hydroxypyrid-4-one substituted on the
nitrogen atom thereof by an aliphatic hydrocarbon group of 1 to 6
20 carbon atoms and dptionally-on one or more of the ring carbon
atoms thereof By an aliphatic hydrocarbon group of 1 to 6 carbon
atoms. _ _
In addition to the use described hereinbefore for the o
treatment of general iron overload, the linked hydroxypiridone _ o
25 éompounds described herein are also of interest for use in certain -
pathological conditions where there may be an excess of iron
deposited at certain sites even ﬁhough'the patient does mot
exhibit a general iron overlaod, this being the case, for example, |
in certain arthritic and cancerous conditions. Indeed in some
30 patients having such conditions;:the patiént may exhibit an
overall anaemia and the metal-free linked hydroxypyridone
compounds may then be used in conjunction with an iron complex
which will correct the overall anaemia whilst the metal-free
comﬁound will act to remove iron from pathological to physio-
35 ' logical sites. This iron complex may be of various types but of



.the present invention containing three 3:-hydroxypyrid-2- or -4-one rings
and a single ring conpound of the same type substituted on 05 the 7
ni.t rogen atom thereof and optionally on one or nore ring carbon atons/by a
al i ptfrati ¢ hydrocarbon group of 1 to.6 carbon atons, such single ring/ - X
conpounds bei ng those described in UK Patent Application 8308056. Such: ;
m xtures of three ring and single ring conpounds will exhibit very

efficient iron renoval 10 characteristics, probably on the basis o
iron being taken up mainly by the three rd 2g €onpounds and bound iron :
mainly by the single ring conpounds fromwhich it may then be abstracted by
the three ring corgsdeniar Hterpstseatthenimnt canplexrss anic espredablyccheodahd in
which two 15 o diRtg ri&Bﬂ&IIf’edoB?léék.eQ{feth sy Ey&r Q¥aRuhadl aesB6Sq ANd

ly I'Tnked, wth t

3- hydr oxypyri d-4-ones, are coval en e rings retalning
their adjacent hyth R afngensesicnegupiree; sprdder UK pateff iapplications. These
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i ron deposited atatowetarenagainest gacticuliordhtetes tpataleennadbeslynothecmdtiadt-t a
general ‘iron ﬁvefkﬁ%dliékghsna{ﬂ?lla%}%g%{ﬁ%ﬁggégy. E&h@ﬁggé%g??&i%r %h Mand

~artWitic and cancerous con in some ents havi ng such

~condi tions, the piiomefmPAey Wbich I8t 2 FBLAF of 1sush A dlaked bydmaynyEddenes e
li nked hy?roxmyr&tﬁ@ﬁ&@ol | B GH8 (am B Hlﬂﬁfbrlhﬁt,uiﬁé_x imnmlnhmﬁm uu';ﬂehf an

i ron conpl ex ich wi rrect,the. over aem a _whi | st e netal -free
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~sites. This irordesehplhexetmfters of various types but of

15 Although the major use of the metal-free compounds of the

present invention is in the removsal of irom, they are also of
'potential interest for the removal of some other metals which may
. be present in the body in deleterious amounts. Indeed, the com~
pounds of the present invention are perhaps of greater interest in
20 this respect than the single ring compounds as the ability to
incorporate differing numbers of rings into the compounds allows
them to be tailored to be particularly appliéable for use with
W different metals. Thus the three ring hexadentate compounds are
particularly suited to the removal of trivalent cations such as
25.. iron(I1I) or aluminium(IlI) with which they form a neutral 1:1
complex. On the other hand, the two ring tetradentate compounds
are particularly suited to the removal of divalent cations such as
copper(II) and magnesium(II), and the four ring octadentate compounds
are particularly suited to the removal of tetravalent cations such
30 as plutonium(IV) and other related transuranic metals., Alternatively,
compounds containing multiples of these numbers of rings may be of
interest for binding with more than one metal atom so that, for
example, a six ring compound may be used to form a neutral complex
by binding with two iron atoms in the ferric form.



- 20 - particular interest are the iron conplexes, and especially the 3:1
neutral iron(l1l) conplexes, of the single ring conpounds described in the

aforenentioned three earlier UK patent applications. These conpounds may

ain the sane formof ring as in the linked 05 conpound with the sage
f carbon substitution or |ack thereof, the sane formof ring
fenently substituted, or a di ff erent type of ring system The aliphatic .
ogar bon group- substituted 3 AV dr- oxypyrid- 2- and 4- one conpounds - .
rjfed to above are ag ai n of ar i cul ar Al ternatively, the
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and their use I1n this context Bein aascusse In detall hereinafter. 15
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nunbgr s eatly ibeginsovaybildsed by attachment to a support material and
' then contacted with the patient'’s blood to remove aluminium
therefrom. Other uses cf the compounds extending beyond the
removal of metals from the body and involving particulaily
plutonium, for example its recovery from waste materials, or even
20 -iron, may similarly conveniently reQuire insolubilisation of the
compound by attachment to a support material. '
The support material used may conveniently be one of various
types of polymer described iﬁ the art for use in similar_coﬁtexts,c

k3

for example a carbohydrate material which may be of an agarose,. ' o/

25 dextran or other type, or a polystyrene or other material such as
is used in ion-exchange resins., Various approaches known in the
art may be used for effecting attachment of the compounds to such
support materials but it is preferred to effect such attachment
through the linking groups although it is possible to use a

30 substituent group on the hydroxypytidone ring such as an acidic or
basic group which forms an amide type of linkage through reaction
with a complementary group on the support material. Convenient-
approaches involving attachment through the linking groups are
direct conjugation using substituent carbodiimides or indirect



interest for binding with nore than one netal atomso that, for exanple, a
six ring conpound may be used to forma neutral conplex by binding with two
“iron atonms in the ferric form .- - 21 - The present invention thus

i ncl.udes ‘a | i nked hydroxypyri done conpound as defined herei nbefore for
in th’erapy, for exanple for the removal fromthe body of "toxic anountsfof
nmetal's, including copper, alum niumand particularly iron. Mreover, the
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effecting attach of the conpounds to such
here is normally an ample amount of iron in the diet, the level

of absorption of iron from food is gemerally low so that the
‘15 supply of iron to the body can easily become critical under a
variety of conditions. Iron deficiency anaemia is commonly
encountered in pregnancy and may also present a problem in the
newly born, particularly in certain animal species such as the
pig. Moreover, in certain pathological conditions there is a mal
20 distribution of body iron leading to a state of chronic anaemia.
This is seen in chronic diseases such as rheumatoid arthritis,
certain haemolytic diseases and cancer.
\_) Although a wide range of iron compounds is already marketed
for the treatment of iron deficiency anaemia, the level of iron
25  uptake by the body from these compounds is oftén quite low, neces-
sitating the administration of relatively high dosage levels of
the compound. The administration of high dose, poorly absorbed,
iron complexes may cause siderosis of the gut wall and a variety
of side effects such as nausea, vomiting, constipation and heavy
30 malodorous stools. We have now found that the iron complexes of
the linked hydroxypyridones described hetfeinbefore are of parti-
cular value in the treatment of such conditioms.
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according to the present invention preferably contain iron in the

15 ferric state. -Although the use of complexes containing iron in
the ferrous state may be cpnsidered, such complexes tend to be
less stable and are thus of less interest. The iron complexes are
preferably neutral, i.e. there being an internal balance of charges
. between the metal cation or cations and the ligand or ligands
20 bound covalently thereto without the necessity for thé presencé of
a non~covalently bound ion or ions, for example a chloride ion, to
achieve balance. Moreover, the use of linked hydroxpyridones
containing ionisable substituent ‘groups (or linking groups) is of _
less interest and it is preferred that this internal balance of \_) .
25 chargés is achieved by complexing with an iron cation or cations a
compound containing the appropriate number of hydroxypyridone
rings to provide, by the loss of a hydroxy prdton from each ring,
the number of anionic groups O necessary to neutralise the charge
on the cation or cations. Although such neutrality may be achieved,
30 for example, ia é complex containing a 3:2 molar proportion of an
anion from a two ring compound:iron(lll), preferred neutral complexes
of this type are those formed between the anion derived from a -
compound containing three, or a multiple of three, hydroxypytidone_
rings and a ferric cation, or the same multiple of ferric cations,
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and, are thus of |ess interest. I ron_conpl exes are preferably neutral,
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necessi ty for t h%eip.ngesefec%e&) ffrom 3-hydroxypyrid-2—ones, 3-hydroxypyrid-4-ones
15 and 1-hydroxypyrid-2-ones, are covalently linked, with the rings

retaining their adjacent hydroxy and oxo groups. The use of
neutral iron complexes according to the present invention is
discussed hereinafter with particular reference to such 1:1
complexes. _

20 The iron complexes are conveniently pfepared by the reaction
of the linked hydroxypyridone compound and iron iomns, the latter
coﬁ#eniently being derived from an irom salt, particularly a
ferric halide and eépecially ferric chloride. The reaction is
conveniently effected in a suitable mutual solvent and water

25 may often be used for this purpose. If desired, however, an
aqﬁeous/organic solvent mixture may be used or an organic solvent,
for example ethanol, methénol, chloroform and mixtures of these
solvents together and/or with water where appropriate. In
particular, methanol or especially ethanol may be used as the

30 " solvent where it is desired to effect the separation of at least
a major part of a by-product such as sodium chloride by precipité-
tion whilst the iron complex is retained in solution. Alternative
procedures may, however, be used and will be éppérent to those
skilled in the art.
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15 example in water or an ethanol:water mixture, and the pH adjusted

by the addition of a 2 molar aqueous solution of the base. It
will be appreciated that the presence of water in the reaction
mixture will lead to the retention of a by-product in the iron
" complex on evaporation of the solvent (a chloride where the iron
20 salt is ferric chloride). However, this can be removed, if
desired, by prdcedures such as.crystallisation from a suitable
. solvent sysieﬁ or sublimation in the particular case of ammonium
chloride. _ _ _
Reaction to form the iron complex is generally rapid and will .
25 usually have proceeded substantially to completion after 5 minutes
at about 20°C, although a longer reaction time may be used if
necessary. Following sepaiation,of_any precipitated by-product,
such as sodium chloride in the case of certain solvent systems,
the reaction mixture may conveniéntly be evaporated on a rotary
30 evapotatof or freeze dried to yield the solid iron complex. This
' may, if desired, be cryétallised ffom a suitable solvent, for
example water, an alcohol such as ethanol, or a solvent mixture,
including mixtures containing an ether. The present 1nveption
thus further includes a process for the preparation of an iron



~neutral iron conpl exes according to the present invention is discussed

. hereinafter with particular reference to such 1:1 conplexes. 20
~iron conpl exes are conveni ently prepared by the reaction of the |inkg
hydr-oxypyri done conmpound and .iron ions, the latter conveniently being .
derived from an iron-salt,-particularly a ferric halide and especia Iﬁﬁ
tferric chloride. The reaction is conveniently effected in a suitabl ¢ f1a
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used in admixtnre with the metal-free linked hydroxypyridone
15 compound and, if desired, such a mixture may be obtained directly
by reacting a molar proportion of the compound and iron ions of
greater tham 1:1.
The iron complexes may be formulated as pharmaceuticals for
veterinary, for example in an avian or particularly a mammalian
20  context, or human use by a variety of methods and the invention
* includes a pharmaceutical'composition comprising an iron complex
as hereinbefore defined together with a physiologically acceptable
diluent or carrier. The comments made hereinbefore with regard to
o/ the formulation of the metal-free compounds apply equally to the
25 iron complexes, although in this instance compositions for parenteral
administration are of greater interest particularly in the context
of animal treatment. The problems of iron deficiency anaemia in
newly born pigs arise primarily during the first three weeks or so
of their life when a vetj rapid weight gain takes place. The iron
30 complexes of the present invention may be used to treat piglets -
directly by a parenteral route, for example intramuscular, or
oral, for example as a liquid preparation "injected into the
mouth”. However, an alternative approach is to enhance the iron
content of the milk on which the piglets are feeding by treating
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in a range from about 0.1 to 100 mg and often in a range from 0.5

15 - to 10 mg, for example 1 or 2 mg, veterinary doses being on a
similar g/Kg body weight ratio., However, it will be appreciated
that it may be appropriate under certain circumstances to give
daily dosages either below or above these levels. In geﬁeral, the
aim should be to provide the amount of iron required by the patient

20 without édministéring any undue excess énd the properties of the
phammaceutical compositions according to the present invention are
particularly suited to the achievement of this aim. Where desired,
an iron complex of more than one linked hydroxypyridone compound
as described above may be present in the pharmaceutical composition _ W/

25 or indeed other active compounds may be included in the composi-
tion, for example compounds having the ability to facilitate the
treatment of anaemia, such as folic acid. Another additional
component which may be included. in the composition, if desired, is
a source of zinc. Iron compounds used in the treatment of iron

30 deficiency anaemia can inhibit the mechanism of zinc upt§ke'1n the
body and this can cause serious side effects in the foetus when
treating anaemia in a pregnant female. It is believed, however,
that the iron complexes of the present invention have a further
advantage in that they either do not have this effect or exhibit
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to the formul ati onygf nb1GefRiRl £ BRChLRATBLURE th FRRE el Udirhi1al0 the 25

i ron conpl ex§?‘, al though in this instance conpositions, for parenteral
admini strati @A ar etiAm8 gl &b ArPR tomBlexes s May b fippenshd (dh Atrasihers

ani mal treatnent. The pt dlabeanswenfbefore bded isppesrdytadakat drom compldked Gduth
pi gs arise prinari M 0 i n
a very rapid wei gh%é/gtgll%‘gné '? giéexjslsf){ ggg;i&rﬁg&ﬁrﬁqégd% -ﬁc%h%p%'&e%ggi%# %ﬁg‘@ﬁﬁ
present invention #ePrdtnglycthe: praseattiogerfiiopsingiludast py irpn copatemdefined
route, for exanpl end elihluFdeE Hod! useOlin Ahdkapyl, OpardiedidirEy 3% ehd itdedtdent of .

reparation knjected ing,0,the nouth". However, .an alternative roach is
'I[D 0 :‘E.Dhahce tf JI ro#"(?oh%téﬁ?‘ew T‘?f‘e?mﬁ?l%no%l‘fgwﬁf?ﬁq f?‘f?ep?’rgltgk t&F'%D‘P eedi ng by

treating -27- the ni¢ lvave fognd shay theairapr couplexrscdedcribied heseinaeiecof
for exanple an inj {ALADIE thé GlelfingRS DEPL LM G820 dyS MidbndE HORR' B4 fitndERY

al so be an interest 1n a human context). Wen it 1S afpllcable to feed

pi gl ets on foodst A% abthdR & YEEeRIRATY CPRECHS, (RAZtiGHIALEY Py, the; treatment

of various mammalian species and especially pigs. The complexes
15 will partition into n-octanol indicating that they are able to

permeate biological membranes, this propérty being confirmed in
practice by tests of the ability of the 59Fe labelled iron com~ _
plexes to permeate erythrocytes. The ability of the compounds in
this respect will depend on the nature of the substituent(s)
20 present therein and the reflection of this ability im the Koart
values of various compounds has been referred to hereinbefore.
Once present in the bloodstream, the complexes will donate iron to
\_/ transferrin, a position of equilibrium being set up between the
_complexes and transferrin. It is because of the existence of this
25 equilibrium that the corresponding metal-free linked hydroxy-
pyridone compound may equally be used in the treatment of iron
overload, although certain of these compounds may be of particular
value for use in the free state for irom removal.and others may be
of particular value for use'as-iron'complexes for iron supply.
30 Certain aspects of their fotmulétion-may enhance the activity
of the complexes in particular contexts. Thus, the neutral 1:1
ferric complexes aie of particular value as being stable over a
wide pH range from about 4 or 5 up to 10 and even at the_ﬁu values
of less than 4 prevailing in the stomach free irom should not be
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05 may al so be possible to effect the pharmaceutical adm nistration of
the iron conplex in this other foodstuff. As with the netal -free conpounds, '
t he dosage of the |inked hydroxypyridone iron conplex which is given wll

*

depend:on various factors, includi ng the particular conpound which is \“

pl_byed in 10 the conposition. 1t may be stated by way of guidance,

that maintenance of the anpunt of iron present in the human body
satji. sfactory l'evel will often achi eved using a daily dosage, in
fi the iron content of the Coffpbound, which Iles in a range from about
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eri nar os’es e|ng on a simla E ratio.

|1F°'?_N|°|fl syfd aplileeompley shgrill; "Wﬂ1 hapgh eyen éﬁeusmeet certain
ci rCunst aneessda®ily b¢ 4ai bix GESAECSrRiiblE chelail Bind8bOMBrtRRES | evels. In

I, -t houl d .b de.th t of _ d by th
ot ent | 20hea i Bl 18 etedeRd R e SHiRAR o4 Corechen shE Rk FocY 1 o of
t he %ar nmdoetestigelanyopesnal dhassardatiadi af) the hdndsprighémithencomplexon are

particul al’sthl%Ubé %@v&&éﬂhﬁn&%htﬁ/ QIRAM1nef conbl B10AL BreVhEli8gdaRIkE R, an iron
conpl ex of . nore than one | inked hydroxypyri done conpound as descri bed above

may be pré’§%?ﬂ°t|iﬁ“ heththdromcamriexer ToRpRe pridic opnditioes ef dhed ot her
active cospemucisshomyd hmti tidrederk ba dezesaxynfodi thé ipptnt fodr viawaspl e

corrpoundsg@gy nQ%,ré)Qﬁ aﬁlbégg%/ 4oh %o { Q%A f&-@ﬁ etpgmﬁmg%ggt ty of anaem a, such

I-ona nponen e % %icl uded in the
conpHdi t i @pssibile jshr aqne farmg %ﬁ)l}ﬂ-e'éiﬂsf 85qude . hqumr.c@hvobnwdasred in the

treat ment o@f ¢Hel u%Om ocd&f haa@mue Wea&Id eosartibmpbé&aﬂbﬁ‘g ggchani sm of \J
zi nc uptakﬁlnth 99% hl?f qan ca?ﬁe eH’H.gus Si de . %ffectsmthe :

f oetus whé&R® 5 8% Fhg §§?ﬁ"a}e gt ) 8 8PPt 5 IBfYByed, however,
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15 the stomach can be of value. Such an approach may_involve various
types of controlled release system, rangiﬁg from one, which may
for example be based on a polymer, which simply provides a delayed
release of the complex with time, through a system which is resistant o
_ to dissociation under acidic conditions, for example by the use of
20 . buffering, to a system which and is biased towards releaee under
‘conditions such as prevail in the small intestine, for example
a pH sensitive system which is stabilised towards a pH of 1 to 3
such as prevails in the stomach but not one of 7 to 9 such as
prevails in the small intestine. Since the pH of the stomach is ' o/
- 25 higher after a meal, it may be advantageous, whatever method of
formulation is used, to administer the iron complexes at such a
time. |
' A particularly convenient approach to a controlled release
composition involves encapsulating the iron complex by a material
30 which 1is resistant to dissociation in the stomach but which is
adapted towards dissociation in the small intestine (or possibly,
if the diesooi_ation is slow,' in the large intestine). Such |
encapeuletion may be achieved with liposomee, phospholipi&s
generally.being feeistant to dissoclation'under acidic conditions.



the effect at a | ower |level than the conpounds at present used in the
treatnent of anaem a. Accordingly, it nay often be the case that the
qQf zinc providing conpound added to the composition rmay not require/to be
hi gh—or; with preferred formula- 05 tions of the iron conpl exes
di spensed with altogether. It has never before been appreciated th

context. Accordingly the present invention includes .an iron conpl ex
herei nbefore for use in therapy, particulardgy-in the treatnment of 10

~iron deficiency anaem a (in the broad sense of this term. W have found
that the iron confheléposdestly eatrappedilnl diron(F1I) a¢amplexest ban tthemfeorent of

iron deficiency apagsyi &nROididl SuvivhiRat 28K 1Al SR ohdbnluY Bt 'Jl@é&:i%?f'& X

particularly for the treatnment of various manmalian species an especl‘al Iy
pi gs. The conpl ex® epsTy intgithe spall; intgpting, sthe. B‘t"c“&ﬁﬁi“l pREYReS iT#Bidlvat
they are able to wﬁaﬁt&ebptmlsplgangidmﬁtudiaesstrhbtnﬁepémrtﬁé t M pbSdmed

Com  plexesb? o porhEppieaiftite ine 161 Fkblek, Hipdlihe %‘f%%#ﬁ% HeSF e s
respect will depefrriditated bhyathe epteﬁeqclqeO% bdde isadtet (B‘)Vezer, it im gsesily

therein and the re&ﬁeeesmméﬁt kit e Ithéyenbspéuhet{&rrlnc\iahﬁﬁsmﬁa‘rovarl ous
conpounds has been reflgéé her ei nbe%ore g resent [nth
bl oodstream the T8 °’?m ¥ Hnut% of ibgot Bf9m pf ‘apﬂosff‘ﬂﬁ’feo

equi I'i bri um bei ngnatareup bet ween the conpl exes and ‘transferrin. '

because of wue exi stegﬁ:éapgg 41131,_%0“25{ sougc&g{,&ﬂrt gF teghgo gg; gspondl ng

metad -free nked hydroxy- one co e use I'n the

treat ment of irondifresiasdan “&Id‘?héﬁéﬁi"cé?‘!%‘ﬁm!ﬁ Pﬁe‘@éﬁ%rrﬁ%’n‘é% dagodie of

particul ar val ue iﬁl’onut‘iﬂetrhdnhﬁcifdﬁeecﬁﬁﬂiﬁnﬁois béPDkﬁ&@!ﬂ'ttﬁn&lr@w&rS may
be of particul ar val ue.far ngf thd ron com g#gis for.iron, su
[

Certain aspects PRt 2t en Be B8y e IRETAE. TIRE1%E "Bﬁe@?o ab}ﬁgs.
conpl exes in part¢apshles,cete,crE sthe msvictdaé pegtiiclels dr prawrdes cconpapiedxes

are of parti%“' artnedb e, ase RBLPEH SiaAPaCsPab1& MitédakH rsﬁ&%:&éé&&@?%& 4
or 5upto and even at the pH values of less than 4 prevailing he

stomach free irondesssihedsnfrr grample, in the article entitled "Production of
enteric coated capsules" by Jones in Manufacturing Chemist and

Aerosol News, May 1970, and in such standard reference books as
"Pharmaceutical Dosage Forms, Volume 111 by Liebermann and Lackmann
20 (published by Marcel Decker). Ome pafticulat method of encapsula-
tion involves the use of gelatine capsules coated with a ceilulose
acetate phthalate/ diethylphthalate layer. This coating protects
\,/ the gelatin capsule from the action of water under the acid condi-
tions of the stomach where the coating 1s protonated and therefore
25 stable. The coating is however destabilised under the neutral/
alkﬁline conditions of the intestine where it is not protonated,
thereby allowing water to act on the-gelatin. Once releasedﬁin
~ the intestine the rate of permeation of the intestine wall by the
water soluble 1:1 iron(II1) complex is relatively constant irrespec-
. 30 ‘tive of the position within the 1ntes£ine, i.e. whether in the
| jejunum, ileum or large intestine. Other examples of methods of
formulation which may be used include the use of polymeric hydrogel
formulations which do not actually encapsulate the iron complex
but which are resistant ;d dissociation under acidic conditions.



-29- liberated. Thus, it has been observed that, even at pH 0.5, the iron

of such a 1:1 conplex is still bound although even though not necessarily
by al |_.gix of the original coval ent bonds. Mreover, when the conplex is
cl egred Yrom the stonmach and reaches the small 05 i ntestine any internal

hon of the bonds within the conplex shoul d be reversed under the"

al | pndi tions prevailing therein. Protection of the iron conpl exes
frqm 1 gci dic conditions of the stomach should not therefore be necesary
frox ¢he nOIﬂt of view of preventlﬁa The liberation of iron fron1thﬁ

co S f ki ng_group, however,
thg}[) o7 eakdo Qotge} specip(3§ Jr:]t%y?%muaatfnd%f t?tﬁgfgg WTWdI i ons

prevai | i iRPOERT t%ét%’t"oﬁﬁ’é”ﬁc“?-‘t}'r adyantpies iy thecuse9f dfmeysl-gfweele group. In

such ci r cluikb@HyA%oxypheidene &Hmp@uﬂ@&ﬂoﬁmﬁtJrQrﬂ-’Jhaﬂﬁ'lrW' collp R0 ds or
he acidi ¢ conditions of 15 t he

reduces sure _of ‘the iro 0 ex, to

st omach ?&E‘gbe oPRHPRegd he Eﬂtnﬁ’ g% Capth (fﬁEFP’I?BQa‘iWWWWBWWypeS of
cont 105 | etllefrelmsbe saysemepsrqfngro’:g déparitedicat wértalin retted Glverxanpl e be based
on a pol yamnﬁhwﬂacsmamlethqx'&e%v@rm' R84d ° 8835 0Ladshe conpl ex with

tinme, throu stem I'S resistant SSOCI at [ on under acidic
condi ti orf&Y P%rs“é%aﬁ?ﬂfib“ﬁyst% PR offsurh a mixmn‘er bas ithe adyamtaggst em whi ch
and is b|tmaedtﬁeow:daoﬁpa]eeaﬁﬂlumyCmdbﬂ:@mﬁ andeRiaaehRVald I n the small

intestin fo enS|t ve. e ichis stablllsedtovvardsa
pH of 1 tefge isiugﬁgr@dg“é’\?g'_# SO S PREU ‘f%ﬁiﬂ:ﬁ%u‘f RBIOVENEF B £5Pm o 9 such as
pr evaPl s Haghelneissh(tp nhwéelqmeal Sites tMarepkenf thére sspbecim i S 25

hi gher afda@ansagees ,fohﬁulﬁﬁi/néthé‘q\f@Ht&QBPéks of iRt @oﬁﬁ:rouﬂdat god of formlati oas
he iron co tinme. A particularly

is used, fo nBIexes at - such
conveni eré‘E 3%8’?8&&%3 ‘ﬂ'tEd?ﬁ"FBﬂ ape rof| sude °E‘Eﬁ?b‘8§§ pothe metAlres
encapsul direagforhe iThos, denpd prefurableoer iRl 18iked hydebkypyridoneesi stant to

di ssoci atc'oﬂpodn'a H:e%eﬁé QERgH iQUIl dMRbE ko' Be rapidly metabolized so as

15 to effect its removal from the system once it ‘has given up its
iron et an apptop;iate eite in the system, whilst it is preferable
for allinked hydrokypyridone compound being used as an iron remover
not to be rapidly metabolized so that it remaine in che system,
taking up iron, for an extended period. For this reason the use

20 of diffetent linked hydroxypyridone compounds in the free form and
as the iron complex has certain advantages. Moreover, different
compounds may, for other reasons,'function more efficiently either
in the free form_es an iromn removef or in complex form as an irom
donof{ If desifed, ihe free compound.may_alteroatively be used in

25 the form of a salt formed with che anion produced by the loss of a
hydroxy proton and containing a physiologically acceptable cation.
As an alternatfve to combination with a different metal-free
linked hydroxypytidone compound of the same type, the iron complex
may be used 1n”comoination wich another'iron chelating agent.

30 When using such a mixture of an iron complex of a linked
hydroxypyridone compound and a metal—free linked hydroxypyridone
compound the daily dosage of the iron complex may be as previously
described and the daily dosage of the free compound may also be
that described in relation to the use of such compounds in ironm

35 overload conditions.



adapted towards dissociation in the small intestine (or possibly, if the .-
dissociation is slow, in the large intestine). Such encapsulation may~ 8
achieved with |iposones, phospholipids generally being resistant to
di ssogi ati-on under acidic conditions. - 30 - The i posomal |y ent rfap
1:1 ron(l11) conplexes can therefore survive the acid environnent :
stomach wi thout dissociation. On entry into the small intestine, th
pancreatic enzynmes rapidly destroy the phogpholipi d-dependent struct
the |iposones 05 thereby releasing the 1:1 conplex. Liposone -
disruption is furtherItf all ibeasppaetiatedcthatcthenpreseht binventsiaht alsoHowever ,

it is usually mrﬁcﬁe&ée@w%et& efmﬁad thber&xr}sﬁpﬁfahataogpmunﬂ WdEfipam Cro-
encapsul ation, by the use of a solid ¢ osi tion sensitive nature.
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di ssoci ati on undeffnca@asdng thenblévellonsf Wridn ddapipedidnalarideodliszsem.- ati on
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ini di vi dual part ddseusasd ghoaﬁutl@scwésaﬁmeae Biso of pokensisl interesdasca WI t h

a tSUI It abl et rrtalt e{jl %tcz%ﬂfﬁd&r Q?Qdﬁ'{.cﬁﬁ @fﬁrd@&%@kw%ci\ﬂﬁ.n &a\q&éﬁ, and the
article entitled "Pro i on_of .enteric coated caps on
Manuf act uri ng Cheh’?\%?ﬂiﬁldsm'bsd? REARL 8 %197@ cgl‘nj %'ﬁs s‘f‘gn;dhl’ﬁe

ref erence books a&nt%bﬁmmuttmhpmsagmsimm:amwrre 11 by Li eber mann
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encapsul a- tion |nvolves the use of gelatine Capsules coa

cellul ose acet at elgshEihel shepreparariqm Rt HAFAews comroundsTiRfstheof@Thg prot ect s
the gelatin capsule fromthe action of water under the acid condi- tions of -
the stomach where the coating is protonated and éherefore 25 st abl e.

The coating is however destabilised under thI?, neutral/ al kaline conditions
of the intestine where it is not protonat ed(va)

. : n

wherein ﬁ, R'' and R'' each represent a substituted or unsubsti~
tuted 3-hydroxypyrid-2-one, 3-hydroxypyrid-4-one or 1-hydroxy-
pyrid-2-one ring, n represents O or an integer 1, 2, 3, 4 etc. (no
15 rings R'' being present when n is 0) and L represents a linking
group.
The exemplified compounds contain two or three 3-hydroxy-
p;rid-z-one or 3-hydroxy=-2-methylpyrid-4-one rings joined by a
_ variety of iinking groups. For greater ease of reference the
-/ ' 20 different compounds described in the Examples are illustrated
. in Table 7, the numbering of the compounds corresponding to that
of the Examples. It will be appreciéted that further compounds
may be produced by using in the procedures of Examples 2, 3, 7
.and 9 the corresponding 3~-hydroxypyrid-2-one reagent with the same
25  1linking group reagents as described in these Examples and in the '
procedures of Examples 4, 5, 8 and 10 the corresponding 3~hydroxy-
' 2-methylpyrid-4-one reagent with the same linking reagents as
described in these Examples. Such further specific compounds
cdmprising 3-hydroxypyrid-2-one rings with a linking group such



thereby allowing water to act on the gelatin. Once released in the
intestine the rate of perrreatlon of the intestine wall by the water sol uble

1:1 j-+Qn(111) conplex is rel atlvely constant irrespec- 30 - tive of the
pogf tigp\wi thin the intestine, i.e. whether in the jejunum ileum or Iargs
[ s '. Qt her exanpl es of rret hods of formulation which may be used

i\ -tihe use of polyneric hydrogel fornul-ations which do not actually
ehcap¥\l gte the iron conplex but which are resistant to dissociation under
aqy di ditions - 31- Anot her. ggpect of the formulation of the iron

rreta 1 easl lmlgedsé‘q;dlmmyauuﬂenk. Sonpaind |andaad-mydiuw924uethyll-t s iron
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condi tion be an exces certain sites
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the iron cauplexe Oéheogﬁvﬁﬁmuadcﬁsp%ﬁgé'fﬁgf% Telbifdpanot her one of.

such conmpounds in the netal- free form IS pre erabl e for t he
li nked hy@F8d4esyr i e WoErAmRiE T Maekn methylape ichdoridentt veedpe rapidly
net abol i zate Sdkcatdaky smine @fdupCin ithe feattait! ddds0fbt [rRasy Siewn once it has

gi veqy up | ?Jctg{)? ?é%ﬁed hygj; oxypyn?j%nrse"ﬂer}et&e Syst enle whilst it is v

preferable Tor a e cormrpound e fsed as an iron
renover ndimethybfomapidy ¢snsedbrs itheBodventhathe tse‘r:Mm@mlinet he system

taki ng up girb@ dnf Qe a&&&ﬁ@radesl Akt Gen Fe bbitver&AePN hGH4ge 20  of
di fferent _1inked %dro g ? unds in ,the free formand as the iron
conpl ex h&8 WPFES d(%ﬁ t&% EPot Fredustatontgifigs nticefay, for :
ot her reasetissr thaw tworings.e oefwi:ncel eeishy mHyt beefobtained in the '
15  procedures of Examples 7, 8, 9 and 10 by using different reaction
condj.tions and that these alternative compounds are also indivi-
dually included within the scope of the preéenf invention. .




inthe free formas an iron remover or in conplex formas an iron donor,

I f desired,

contaLnlng a physiol ogically acceptable cation.
conbi*hation with a different netal -
t he sane type,
i'ron chel ati ng agent.
conpl ex of a linked hydroxypyridone conmpSud®
hydr oxypyri done conpound,

30

the free conppund may alternatively be used in 25

free |linked hydroxypyri done conpg
the iron conplex nmay be used in conbination with ano
When using_such a m xture of an irox

As an alternative to

Tand a netal -free |inked .

t he for g

the daily dosage of the iron conplex may be as

previ ously da@asii Hed and the daily dosage of the free conpound may al so be
t hat desCribed inrelation to the use of such conpounds in iron 35

over | oad conghtrot 3Pttt tyhe Q}J}JFUL; at-et—trat—the Pt esent
invention alpo mclmgﬁs_r he use of aj}linked hydroxypyri done conpound as
defined here] ghgef qre for}the manufactjure of a nedi canment for use in
i ncreasing the | edel® of| ikiB& 8YAteR pdti ent' s bl JdBkLA% 8EHP 05 I'n
addition to EPTﬂafnnpeuticaL uses qf the iron conpl exes discussed abovg
the conpl exepg_arefal so of potential ilnterest as a source of iron in_varipus
other contexfs indludingjin cell andjbacterial growth, in plant growth, ps
a col ouring pgent jand infthegcontrol fJof iron transport across nenbranes.f 10
~The inventiop is il lustr by the flol | owi ng Exanpl es which describe thg
preparation pf varfi ous cp he forn1[err] wherein R, R'" and R

. each represept B qubgtitp unsu s.:on--( hydroxypyri d-.2- one,

. 3- hydr oxypyr| d-4-dne or [Lyhydr gxy- pdrld e r| n represents 0 or
integer 1, 20 3, 4 etc. édngs R belng present when n is 0) andHL
represents af |inkilng gropp. |

1A 2 -CHZ- (CHZ) 7—CHZ-
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OH
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N H CH
| 3
o .
OH
3 2 l -(CHz) S-CONK- (Cliz) -NHCO (CH
Ne :
‘ Cl'l3

continued/
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The exenplified conpounds contain two or three 3-hydroxy- pyrid-2-one or

3- hygeexy- 2- met hyl pyri d-4-one rings joined by a variety of |inking groups.

For ease of reference the 20 different conpounds described in the
Exa e illustrated in Table 1, the nunbering of the conpounds o
cory &sp yng to that of the Exanples. It will be appreciated that furthe¥
comodh@s my be produced by using in the procedures of Exanples 2, 3, 7

¢/ correspondi ng 3- hydroxypyrid-2-one reagent with the sane 25
group reagents as describegf Ln these Exanples and in the procedures
of Exanples 4, 5, 8 and 10 the correspondi ng 3- hydroxy- 2-nethyl pyrid-4-one
reagent wth the sanme |inking reagents as described in these Exanples. Such
f ur tT48LE sheedrtilguedbnpounds conpri si ng 3- hydroxypyrid-2-one rings with a

| i nki ng group such - 33 - as is present in conmpounds 2, 3, 7 and 9 and
3- hfdro -TELyT - pyr1a-Z4one 11 No T 0 KT Ng group sucirjas. is
pregent iphnessErgunds 4, 5, § and 10 are thus also individually ijncl uded

wi t picemt hf s£ong f tkm% regent inventiﬁp. 05 i It wiltl gl so be

not agm&p %%s §iBP8s T Redei nbefore i TEPE#SHPto0 the prepardtion of
rearrémgss] a change i* the nature of the solvent used can Jproduce a

di flerentlreactilon product . in Fxanple phere nethyl ene dhloride is

usefl, thel seconqary am ne glgup in the reactant does not react yith 10 -

thejactivp ested, wWaile in anpl e 8 where the nore pol er dinethyl formam de

is psed t he ol vgnt, #Be secondary am ne group i-n the reactarnt does
reagt with the gctj rq It wll be appreciated therefore tHat
di f{eraat] pradugt ai ni mg-(WﬁgCOBEt-h@tzf)tzhmcot(OH})gi-ngs, or vifce versa,\/
may{be obf ai nedfith t hd] 15 procedures of Exanples™7, 8, 9 and 10 by
usi pg different jre i ohggondi tions and that these alternative dqonpounds
arelal so | ndivi{ dudl |y intljuded within the scope of the present] i nventi on.
0
oH
3B | 2 I =CH 2t.‘.()Nli- (CHZ) Z-NHCOCHZ-
N
l CH3
4 2 -CHZCONH- (CHZ) 6—NHCOCHZ-
&/
5 2 -CH 2CONH—_ (CHZ) B-NHCOCH 2=

continued/



- 34 - TABLE 1 Nunber Com of Ri ng system Li nki ng
- group pound rings [err] continued/ - 35 - TABLE 1 continued Nunber Com
of, Ri ng system Li nki ng group pound rings O [err]
cont.{~-pued/ - 36 - TABLE 1 continued ‘Number Com : of Ri ng sy
Li nkPng group pound rings O [err] continued/

- 36 -
TABLE 1 continued
: Number _
Com- '
_ of Ring system Linking group
pound rings
N
- 0
OH _
6A 2 , _ -CH 2C:t)ml- (CHZ) Z-NH- (CHZ) 3-NHCOCHZ-
N
l CH3
0O
OH
o 6B 3 ' -CHZCONH- (CHZ) Z-N- (CH 2) 3-NHCOCH2-
/
~ N
| | - CH,y COCH -
0
| _oH
6C 3 -CHZCONH- (CH 2) 3'-N- (CHZ) 4-NHCOCBZ-
L | |
| ony COCH,,-

continued/



37 - TABLE 1 continued Nunber Com of Ri ng system

Li nki ng group pound rings f[err] -38- EXAMPLES Exanple 1 Preparation of

1, 8- gi-SS hydr oxy- 2- met hyl - 4- oxopyrid-1-yl)- octane and other related -
conpounds 05 3- Hydr oxy- 2- net hyl - 4-pyrone (22.2 g) in methanol CﬁéS
-added to aqueous sodi um hydroxide (25 m H20 containing 7.5 g Na

£

Ben vride (25.5 g) is added and the mxture is refluxed for 6 hours

andf igs allowed to cool overnight. The bul k of the nmethanol is renoved
und \ and the residue is trgated 10 with water (50 m). The

m xt\ur &\ sJextracted into dichloro- nethane (3 x 25 m). The extracts are

ashed with 5% w v NaOH (2 x 25 m ), then water (2 x 25 m) and

gpEe] Bgfsesm sul phate. Evaporation of the sol vent gives crude

3- benzyloxy 2- met hyl - 4- pyrone or "benzyl naltol" (35 g, 9299 which 15
St~ W oV P - TSV~ PV V- ITV-Y-Y- p yield a -

and t he

R Steam bath for 5 hours. The m xturf is
is taken, acidified to pH 2 mnth _
cong CNToric g fotary
evaf to gipe solid rg conpl eti on
of _
OH o
- - - - o/
7 2 (cH,) conu—(caz) -NH-(CH,) ,~NHCO(CH,)
N
| o
N OH
8. 3 | ~CH,CONH=-(CH,) ,~N~(CH,) ,~NHCOCH ,~
N .
‘ ] _ (CH,) ,~NHCOCH =
0
OH
9 3 ' -(CH,) ,CONH~(CH,) ,~N~(CH,) ,~NHCO(CH,) ,~ _ L
N | o | o/
' CH, (CH,) ,~NHCO (CH,) ,~
N OH '
10 3 : -cnzconu-(cnz)a-nf(cuz)3-nncocuz-
I 0 COCH ~




~the reaction through its n.mr. spectrum the presence of protons 25
exchangeable at ca 6 - 8.3 [err] .showng that the reaction is not co
If this is the case, refluxing is continued until the solid obtained f
an akiquot shows no such protons. On conplete reaction being foundfto
occu¥red, the mixture is cooled and acidified to pH 2 with concent ate
hydr ochl oric acid, 30 any precipitate forned at this stage bei
di ssol ved by the addltlon of net hanol to t_hﬁ g 0 xture. Palladium car ber” -
catalyst is thén added and the sol ution i s hydrogenat ed at room tenperature
and at nospheric pressure in order to effexhmpigdgenzyl ati on. The catal yst is
renmoved by filtratjon and the solvent by Totary 35 - evaporation, the
resulting solid tmqig recrystallised from - 39 - water to give the
~title conpound [ erBreparatdO8cofi bJSd-d&-s(hhmwtbohtyle#-mgxrﬂgv-m_r] dec;
Lerr] (nujol) 134Qcalie WaZGehe erdedh ELipoldh] 25 (5. O, 4.3 (m 4t
7.1.(d, 2H 8. | e Preparati on of
1, 8-di-[ 3- (3°5hydroxy ﬁﬂ?W’&‘”@%WI‘Wf“ﬁIQ” ?)r&?pi'-'br?&ﬁ*\‘ﬂ?]‘- F2Papl 1s
~[err]-Alanine (5 gdded teahdieodGoldiym hy‘dﬁﬁded ((v17] a B z:yhfnming 7.5 g NaOH).
2 retyl 4 byt one L0 Bl SR 1oL (s Moh @) PR R

hydroxide (4 g) in WX hen sI'owy a Feact |on
m xture until a pHosf6é hours; apdtis tkeh allywedstd stHW'PQ!iBbH uXee bk of5

m nutes during whigg ﬁetmanélhasc&hewa ahHa106scdumOmd/ thé Pesidhed D Greadilit €F

cooling, the olutlo |s ac i fj 5 with concentrat d HCl (about 2
n ) ang is then 85(8 oﬁ"&[gg‘t&?e[’@r Fft“?ﬁ%dg 1'8|I( i's

subj ected to a matnieyhmee(nhi alsmieAWaMeremhcmtammomﬂ':hedsohlsdedAﬂmem S%ewivi ns

is triturated wit r [
3- benzyl oxy- 1-° (ka_aggr 28)9(5265'?&9 ng%ﬁH (3%’ 4 onw@‘l %‘iié&’g?éé’gaipesim
: sulphate. Evapotation of the solvent gives crude 3-benzyloxy-

2-methyl-4-pyrone or "benzyl maltol" (35 g, 92%) which

15 is purified by distillation in nitrogen under reduced pressure to
yield a colourless oil (28 g) of b.p. 148 °¢/0.2 m.

3-Benzyloxy-2-methyl-4-pyrone (0.066 moles) and 1, 8-diamino-

octane (0.022 moles) are mixed in 2:1 v/v aqueous methanol (300 ml),
solid sodium hydroxide (2 g) is added, and the mixture is heated

20 _' on a steam bath for 5 hours. The mixture is allowed to cool and
an aliquot is taken, acidified to pH 2 with concentrated hydro-
chloric acid and the solvent removed on the rotary evaporator to

give a solid .res'idue. ‘This residue is checked for completion of
U/ the reaction ihrough its n.m.r. spectrum, the presence of protons
| 25 exchangeable at ca & = 8.3 (dGDMSO) showing that the reaction is
not complete. If this is the case, refluxing is continued until
the solid obtained from an aliquot shows no such protons. On
complete reaction being found to have occurred, the mixture is
cooled and acidified to pH 2 with concentrated'hydrochloric acid,
30 any precipitate formed at this stage being dissolved by the
addition of methanol to thé mixture. Palladium/carbon catalyst is
then added and the solution is hydrogenated at room temperature
and atmospheric ptessure in order to effect debenzylation. The
catalyst is removed by filtration and the solvent by rotary
35 evaporation, the resulting solid then being recrystallised from



The 3-benzyl oxy-|-(2'-carboxyethyl)-2-nethylpyrid-4-one (1 g) 20 and
N-hydroxysucm nami de (0.45 g) are dissolved in methylene chloride (7 nl)
and dirtycl ohexyl carbodllmde (0.8 g) i'n nethylene chloride (3 m) is added ,
slofy at\0C with stirring. = After 15 minutes the preci pitate which has .
separated by filtration and the filtrate is added to a sol ution™
| @¢m nooctane (0.2 g) 25 n methyl ene chloride (5 m). The
I Xture |s ‘then rotary evaﬁé)rated to yield an oil which is '
n_et han (1at i f above ure,
watﬁr rretﬁ gée tq’t%eném?% rgactg‘ %ie} 9® d| it% ‘r?‘gge to give
rd SPA mﬂp-922ﬂ-393 hifdso Wz 2 - @uiedl JaéQ))%sqby‘lrﬁlzﬂ @yt)élﬂd Q/EiOMS%

C0n‘p

yield as q,9hid, e1aglld5)f(smem) 2:753 2@04§>deﬁ;1 « emi)] aﬁ@taq d4,14gf; and 1620
[err]; [err]:m]0 2-2.1 (m 14H), 2. i—l) AI _ , ( 2H) and
8.3 (d 2 e 374. - 40 - and hydrogenat ed over a pal I adi un1 char coal

cat aﬂiyst Exesgier at i on of the solution remaining after separation of the

cat al yst '- | o he.splution then
bei ng tre%’g 248 nd iy AR RRE b 0 21 t which is 05

preci pltaﬁéﬂﬂﬂﬂdﬂw- is triturated with diethyl ether to give a | ow
mel ting sol i d.g-ADdfin80t3 @) fn batd€50 Ri1)i {4 adadwy t6s-BemiyagkaPhy on Sephadex

appr oxi M aTkyoEE (o RS 2, el CIOOY T RS S 'R,

(m 19H), 2y@rqmide 404) g) U water (¥ @:ﬂ) iBHyhew 330‘(16 ané)d t¢3 tl;e(d 2H) . Exanpl e

3 Prepar alrepdrigh ﬁ!n%uéé uh®il 3 P d{fow-i% Gﬁa&ﬂ&dﬂ O RY dedod 24 ) -

hexanam do] - et hane and: ot her rel at ed r‘rPoun s 6-Am nocaproic-acid is O/
reacted w ﬁl‘g‘eﬂefﬁypﬁﬂ}“Et??eFHWB ‘i‘?)ich ime BY& SALCYT, chaPses £FORy anal ogous

procedur e yebldwhed shdses i Aecer aoﬂmgplﬁestmm:he.srmnum oci the latter
Cor’rpound %t{' 5[ g{ﬁl cglléaélkpgted HC1 (about 2 ml) and is then rotary
15 evaporated at_SO C. The resulting oil is subjected to a methylene
_chlofide/water extractlon. The solid which remains is triturated
with acetone and recrystallised from water to give 3-Benzyloxy-
1-(2'-carboxyethyl)-2-methylpyrid-4-one, m.p. 81-83°C.
‘The 3-benzyloxy-1 (2'-carboxyethyl)-Z-methylpyrid-é-one (1 g)
20 'and N-hydroxysuccinamide (0.45 g) are dissolved in methylene
chloride (7 ml) and dicyclohexyl catbodiimide (0.8 g) in methylene
chloride (3 ml) 1s added slowly at 0°C with stirring. After 15
minutes the precipitate which has formed is separated by filtration
and the filtrate is added to a solution of 1, 8-diaminooctane (0.2 g)
25 in methylene chloride (5 ml). The reaction mixture is then rotary
'evaporated to yield ac oil which is dissolved in ethanol (30 ml)

(1)In a variation of the above procedure, 3-benzyloxy=-2-methyl~é4-
pyrone is reacted with 1,9-diaminononane to give compound 14,
1,9-di-(3-hydtoxy-z-methyl-a-cxcpyt1d—1-yl)-nonane in 45% yield
as a white solid of m.p. 275-280°C dec; - nax (ouiol) 1420 and
1620 cm-1;' §(d DMSO) 1.2-2, 1 (m, 148), 2 7 (s, 6H), 4.4 (m, 4H),

7.3 (d, 2H) and 8.3 (d, 2H); m/e 374.



this corrpound bei ng obt ained after recryst aI | i sation from et hanol / a .
. C .
(1:1 v/iv) as white crystals, mp. 145-ferr] 20 _._one

3- Be__nzyl oxy-1-(5'-car boxype_ntyl ) - 2-.met hyl pyrid-4-one (1 g) and

and di cycl ohexyl car bodi | m de (0.7 g) in net hyl ene chloride (5 m)
sIovay at 0 Cwith stirring. After 20 nminutes the resulting precipi
separated by filtration and 25 the filtyate is treated with stirring

with a solution of diam no- ethane (0.092 g) in nmethylene chloride (1 m).

A floccul ant precigyt
hygroscopi ¢ sol i d WPI l?ytd@oée%aftgi @Qr%b@ﬂaﬂiﬂﬁchﬁﬁc@d &a&agys»te SEvapbtation

i Ch rapi f
et hanol and hydr og’én&‘E"eG%‘iFéP“éeﬂg;aﬂ?nﬁt&tfﬁasrefaﬁtsiggt 4y ?%I ‘sl'%@ goﬁeles o5
sol ution renai ni NGinAbilEwhs@pas adiisevlvell ihhacetdngh ytite s@uﬁévlaﬁye%\)’ab%ﬂi ated to

vield an ofl whi clhhg.ds '«%ﬁﬁ&f%ﬂ‘”tré‘cé:]sgﬂé‘an%n&’iﬁﬁﬂée‘amﬁé Gidondd ko

- 41 - then with er to etitle Co ro-

scopic buff @l i dpreemm £1omp 50l wtiemiﬂmtutzt%f 3 é thyi o

- I?)noa( \r/nar |4;2 | oﬁ gf( e%ow@negtiﬂb soidd. This %&iﬂﬁ fzf"-‘ﬁf(#lﬁ"#’-'iz"9"=h(:§]5 (1)
cedur e

1- (3" -car boxypropy‘} ?tﬁﬁfﬂ&’ W sahbfdonerﬁ)glr‘ljd 3- gﬁeﬁﬁ&h%x ité'gr o>1<’mmd i

met hyl - 2- met hyl pyrina- dimﬂeoarletiﬂeepohednlarpawiaﬂmldgé% Yﬁﬁl‘ﬁweﬁ(‘l@%ﬁ@

4- am nobutyric aci Ci{NG, (o, CHBECH ] h
est er and reacted €M tﬁpdlgg% nogt anﬁl9 bl S/Ql;y,eni) enwmwau; ed.$ ol hemgct i ve

v,
- di - 14- ( 310y dr dheyp- LBl 1723 @xofn‘?m ﬁgil (gr )Q%m anani do] - et hane and (B)
1 2=i - ( 3- hydr oxy-@_z_ﬁgg‘\ml - 4- oxopyri d-1-yl acet am do) - et hane, respectively.

Exanpl e 4 Prepar at].on, oF 1, 6} £ 3o Oyl Qa2 X oM 1 Jo-hRRUENI-0) - hexane

hexanamido]-ethane and other related compounds
6-Aminocaproic acid is reacted with 3-benzyloxy-2-methyl-

15 4-pyrone in an exactly analogous procedute to that described in
Example 2 for the reaction of the latter compsund with @-alanine
to give 3-benzyloxy-1- -(5'~carboxypentyl)-2-methylpyrid—4~one
in 70% yield, this compound being obtained after recrystallisation
from ethanol/acetone (1:1 v/v) as white crystals, m.Pe. 145-147°C.

20 ' © 3=Benzyloxy-i- (5'-carboxypentyl)-2-msthylpyrid-4-one (18
and N-hydroxysuccinimide (0.4 g) are dissolved in methylene
chloride (20 ml) and dicyclohekylcarbodiimide (0.7 g) in methylene
chloride (5 ml) is added slowly at 0°¢C with stirring. After 20
minutes the resulting precipitate is separated by filtration and

25 the filtrate is treated with stirring with a solution of diamino~
ethane (0.092 g) in methylene chloride (1 ml). A flocculant
precipitate is formed which is filtered to giys a very hygroscopic
solid which rapidly forms an oil. This oil is dissolved in 95%
‘ethanol and hydrogenated'over a platiaum/chatcoal catalyst. The

.30 solution remaining after separation of the catalyst is rotary
evaporated to yield an oil which 1is triturated with acetone and

(1)Registered Trade Mark.



15 h 2, 3-Di hydroxypyridine (10 g) is suspended in ethyl brono-

(40 m) and the m xture is heated in a sealed tube for 24 hours at
he tube is then cooled in solid CO2 and opened. . The contents are
to rotary evaporation at 500C to yield a yellow solid. <«
allisation of this solid from 20 wat er yields g
Yoxygcar bonyl net hyl - 3- hydr oxypyri d- 2-one as white crystals (10 8 0),
-151 0OC I-Ethoxycarbonylnethyl 3- hydr oxypyrid-2-one (10 g) is

ed in nethanol/water (9:1 v/4%) =(400 mM). To this solution is added
be chl ori-de (3 nolar excess) and NaOH until the pHis 25 above 12.
The mi xt uten é’iflhéﬁefl'é’fll 85eF Foield thetisle &%Pwdaa%l‘ea?‘grd'r‘ange sol uti on.

The net haae&pihswﬁfrmmd bg/( omsmyww-apmrar. 120)N a.ruj(aheﬁuaqueous solution is

extracted th dj e X I The
aqueous pﬁ\é\%e(nf sdtgl I u't e ghﬁt 3 Em add (ra?gsgét’ra ?'4 ighga? hen aci dif | ed
to pH 2 uthdmzao2H) . concentrat ed hydrochl oric acid which resul-ts in the

pregspi t afiPpniffa ¥abfitd8n vt ithlis b@céahxé Whe eoipsemsed-ﬁadym@-pr ecipitate
filtered ?f&eand was hed th di eﬁ et her ‘UQ crudf roduct is

| er yos al I GUAS TSR R E 2 PO O e, ek e o Ak

pyri d- 2- Om}@i-&getumridﬁﬁponime[mpﬁred in af¥aralogous manner

3-Benzyl o &34 QP MEF;II | 0 N- r ci nimde
(0.25 é) g%(e I SSO g Iy QX& aﬁaz?l?&né 5§S§Qf(5 EH? %q ﬁe SO éulitcl on cool ed
in an .cetbatthﬁ aqjiemsaﬁmwcme# withdiemwe&!aarm teigige| (Ad in

di maphy! f of nrgai pi- (18} dvby-2-fie 1y 2 o4l dx6p -1-ylbhﬁxtﬁiﬁﬂ6m&.ﬁﬁﬂe allowed to

Tt o A TS SRS L SR RS R e BB 0 o T
recryst al respedtivedm a net hyl ene chl ori de/ d| et hyl et her m xture to yield
3-benzy- %'%'ﬁ -gucci ni nyl oxycar bonyl met hyl p-yri d-2-one (0.56 g, 80%, 10
mp. 183-Pregaration of 1 6-di-(3-hydroxy-2-oxopyrid-1-ylacetamidq)-hexane
15 : 3-Dihydroxypyridine (10 g) is suspended in ethylbromo-
acetate (40 ml) and the mixtute is heated in a sealed tube
for 24 hours at 140°C. The tube is then cooled in solid CO2 and
opened. The contents are subjected to rotary evaporation at 50°¢C
to yield a yellow solid. Recrystallisation of this solid from
20 water yields 1#ethoxycarbohylmethy1f3-hydroxypyrid-2-one as white
crystals (10.8 g), m.p. 141-151%. _
1-Ethoxycarbonylﬁethy1-3-h§droxypyrid-z-one (10 g) 1is
dissolved in methanol/water (9:1 v/v) (400 ml1). To this solutiom
is added benzyl chloride (3 molar excess) and NaOH until the pH is
25 above 12. The mixture is then téfluxed for six hours to give a
clear orange solution. The methanol is removed by rotary evapora-
tion and the aqueous solution is extracted with dichlo;omethane to
remove excess benzyl chloride. The aqueous phase is diluted
slightly by adding extra water aﬁd then acidified to pH 2 using
30 concentrated hydrochloric acid which_:esuits in the precipitation
of a beige solid. The mixture is cooled and the precipitate
filtered off and washed with dieihyl ether. The crude product is
tecrystallised from ethanol to.give 3~-benzyloxy-i~carboxymethyl-

pyrid-2-one (5.4, 41%), m.p. 176-177°C.

-



3- Benzyl oxy- 1- succi ni nyl oxycar bonyl net hyl pyri d-2-one (0.5 g) is dj
in dimethylformamde (12.5 ). To this solution is added a sol utfion of 1--
1, 6-di am nohexane (0.5 nol ar equival ent) in nethanol (5 m). Thefresti¥ifhg
whi t-e .precipitate is separated by 15 filtration and the col obrl +,
filtkate is evaporated to dryness. The resul tant residue is extr foft
a chloroformwater m xture, the organic |ayer being dried [err] a A
evaporated to dryness. The resultant residue,is dissolved in ethanol
containing 1% v/v of acetic acid and hydrd@gﬁéfed over pall adi um charcoal .

Filtrati 20 |SaLs f '

The 1 it o ompound o PHRAH GRS LEUAGHRLH LIS (08, B NRE A nyd g2
240-[err] [err]  gusgiwinide gP3525 @we ftspplyed -in G’emu%eymi e(éo B), 2.9
(s, 4H), 4.15 (s, 4id) thé s81¢t1on2ddoled .18 A:d,icamathﬁ Mefélondkhlcarbddict, 2H),

8.7 2 25

1, 8- g;s (3|_?1ydroxy W@o{)@ﬁcﬁ% d{ﬂ%‘)&&% l"gnrﬂj%thyl&méde (10 m1), 1s added to
3- Benzyl oxy- b5 succthe pytideye amboshibwet [t9| gnand dfoZ- P dourspr ePar priecipitated
described in Exanpig fyéloheﬁnfr@écisedeﬁmﬁa@edl@ E’iﬁi’lﬂ%noﬂda@ﬁ‘e g1 3Qee AN

anal ogous nmanner to fhat described for the feaction his conpound with
?gﬂ}

1, 6- di ani nohexane THPRXELPH| &0 Arynesé; el'l?}et?féuﬁ‘l‘!tertsdﬂﬁ%&‘fdr?w veed d,
mp. 238-[err]- (nﬂjoﬁl 2 mb@h¥lend SiloridedOdiethylethe? ofixturk?kd ,yidld 3-benzdH) ,

Ecampl & 6 Prepar at K3T-begEr sy lonyEauonior i a-Bol (o556 8 000, ©
et hyl ] - 3[ 3- (36 hy dr®wpy- 233m§6hy1--4 oxopyrid-1-yl)-propyl am ne and ot her
~reliated conpounds 05 3-nenzylox§-ﬁaaaainaﬁyx&rr?eﬁm&nét pEd250e Q0. ghde)
s ssorved in & S o R patol CIOD L A0S o200 i
added a solution of 1,6~diaminchexane (0.5 molar equivalent) in
methanol (5 ml). The resulting white precipitate is separated by

15 filtration and the colourless filtrate is evaporated to dryness.

sodi um

The resultant residue is extracted with a chloroform/water mixture,
the 6rganic lqyer being dried (Nazsoa) and evaporated to dryness.
The resultant residue is dissolved in ethanol containing 1% v/v of
acetic acid and hydrogenated over palladium charcoal. Filtration,
20 évaporation and recrystallisation from ethanol yields the title
~ compound as a white crystalline solid in 70% yield, m.p. 240-242°C;
v, (nujol) 1645, 1580, 1555 cm'; &(d DMSO) 1.2 (s, 8B),
2.9 (s, 4H), 4.15 (s, 4H), 5.9 (t, 2H), 6.5 (d, 2H), 6.8 (d, 2H),
N 7.9 (t, 20), 8.7 (s, 20).
25 Example 5 _
Preparation of 1,8-di-(3#hydfoxy-2-oxopyrid-1-yl)-acetamido)-

octane
3-Benzyloxy-1-succinimyloxycarbonylmethylpyrid-z-one - prepared
as described in Example 4 - is reacted with 1, 8—diam1no—octane in
30 an gnalogous manner to that described for the reaction of this

" compound with 1,6~diaminohexane in Example 4 to yield the title
cdmpound in 76X yield, m.p. 238—239°C° ¥ pax (nujol) 1650, 1580,
1560 cu™'; 6(dgDMSO) 1.2 (s, 12H), 4.4 (s, s, 4H), 5.9 (t, m),
6.6 (d, 2H), 6.9 (d, ZH), 8.0 (t, 2H), 8.8 (s, ).



- the title conpoun

hydrOX|de (2 9), the pH of the resulting solution being about 12 to 13.
Ari-amne, N-(2-amnoethyl)-1,3-propanedi amne (0.75 g), is then added-
fgime a reaction mixture which contains a 3.75 10 ~ nmol ar excess of the .
y ong to tri-amne. The mxture is sti.rred at roomtenperature for

£ and]is then acidified wwth concen- trated HOJ to pH 2 and rotary =
tjed to give a brown solid. This solid is extracted w th ethanol from

@t er_gives 15

3- hyExERlL B et hyl - 4- oxopyri d- 1- yI] 3-(3- hydroxy 2- net hyl -
4- ?rOpyrl CPrepytatibn Ryt BAl 23€34hydbosy 2-:Iéuh1- b lyyyk ol Ks]ed béo
re uxi n | er[ C at or
M nut es. g-e-ﬁ?r%dh-m-g hxér.t’é‘%"-m ’ : Srapbralr <= nm Hg) and wat er
i s added tamdf éhercrejiated compunds glveavvhlte 20 preC|p|tate Thi s
precopi tate 'SBJﬁﬂkzl%Q&yﬁﬂe?%vlhﬁ%erQe3('3d2r£CE¥|§&e§| 14 98dsdiVegOl i Ng to give

err oéo % {;\ge el ongated off-white _
crystal | s HiEixtyFe ¢ ok, £100 &) &Pﬁl water 99 ml)1serraiaingosodigly and 3400
[err] 2.2 KydroRide, (2.g5, (the Biof Shel resnltdhf soButiopnbeédhy, abbud-12 8 (m 4H), -
25 ook, T 00 (8o 1idlnoddin) 11 2ol oY ) Pr0CeUI @

the foll owing al t e nati ve ahi nes are pr

N[ 2- (Ani rigatbemidrs) tatslyr]a seeeﬁmpam@ésh seopainang Fe’The

RI— ?Iz 10 opheurmht bz ¢ askess F eﬂreben; aéye‘ol eﬁ-%zmé angk 3erle isdstirre{ih | acet at
am noe ropa ne . |sove in ethylacetate

(30 nl). 5}/"%?%’%@? 2 ag'%eismtg%’h qigi# BB £40¢R7apor at ed A

resul ting maltetti llclltquatkdnémtduaw etvhpdraeedte‘.lo gﬁtecaw_rtoahlsoeadt on of the

product fr@seidianols Yiflddied with ethanol from which a white solid is _
N-[ 2- (benzyl am noacet ani.do) - et h 5} é enzyl am noacet am (%) 35 :
)

pr opyl ani riPtaiaed 8’6I’|°(§“X/ﬁ§9<1’°('ﬁ ergystaldiptionsinucyiater gives . [err]
.5 15qUIrﬂN@KZoéﬂﬂhydébe-ﬁJﬁetﬁiﬂ-A-éhdbyé£ﬂ-14§ﬁ1—3- (3-hydroxy-2-methyl-
4-oxopyrid-1—yl-propylamine (1.5 g). This product is hydrolysed
by tefluxing in 40% w/w HBr in CH3 H (ca 300_ml) on a steam bath
for 30 minutes. The acids are removee by rotary evaporation
_ (< 1 mm Hg) and water is-added to the resulting oil to give a white
20 - precipitate. This precipitate is redissolved by heating and
recrystallised by cooling to give the title compound(1) (0 66 g, 31%)
as large elongated of f~white crystalls of m.p. 137-140° C; Ypax
(nujol) 840, 1020, 1500, 1540, 1630 and 3400 a 'y s (DUSO)
2.2 (m, 2H), 2.5 (s, 3H), 3.1 (m, ZH), 3.5 (m,2H), 4. 4—4 8 (m, 4H), o
25 7.2 (d, 1H)) and 8.4 (d, 1H).
(1) In a variation of this procedure the following alternative

amines are prepared. .
(A) N-{2-(Aminoacetamido)-ethyl]=-3-(aminoacetamido)-propylamine
The p-nitrophenyl ester_qf N-Benkylglycine-(z g) and
30 N-(Zéaminoethyl)-1 3-propanediamine (0;18 g) are dissolved in
ethylacetate (30_ml). After'standing for 1 heur; the mixture is
filtered evaporated and resulting solid triturated with diethyl
ether. Recrystallisation of the product from ethanol ylelds

N-[2-(benzjleminoacetamido)4ethy11-3-(Benzylaminoacetamido)-_
35 propylamine as a solid, v___ (nujol) 1680, 1630, 1540 a3



- 3.6 (d, 4H, 5.0 (s, 4H), 7.3 (s, 10H, 7.4 (m 2H), 7.7 (m 2H).
Hydr ogenati on of this compound in ethanol containing 1% v/v of acetic gefld
over palladium charcoal gives a 75%yield of the 05 title compound-as’ a
viscous oil. (B) N-(Am noacetam do)-N[2-(am noacet am.do)-ethyl]-
3- (a¥ noacet ami do) - propyl ami ne The 'p-ni trophenyl ester of N benzyl gl yC| ni
and N-(2-am noethyl)- 1,3-propane dianmne are reacted in the sane
proportions as in (A) 10 = above but in <i4fethyl - formanide as the
to yield, after workin manne

N—(N—benzyl g| yCyl) mPgSQ)bén%§ﬂuintet, ZH), d (III., 4H), 3.1 (q, 4H),

am noacet ani.do) - et Byd kd 3-4@herszpl ey RBRC L Rnisgo)or); onwl awy 2B), 17. 5566, yaml.d,

6(d6DVBO 1.6 (m 2H) : 6H)
7.3 (s, 15H), 7.4 gégté‘g‘p"f g’ﬁ% “3? rﬂg%eiﬁa%l ab6h chlatnded 19‘5"’2()
above yields the t¢® Iaée%nﬁ%)’d’na"?’hp‘?% charepajnsiyep a (76§ yleld of the

N- ( Anmi noacet egi do) ti‘ﬂEeScé@awmasei &m;dﬁ)s #0Qpyl] - _
4- (am noacet am do) ; \ . I enzyl gl yci ne
and N-(3-am no- pr I e Rer and -t he

. reaction 20 Iar manner to that described in

(B) above for t he reacﬁ,,plg_gt @&yfsésecrervﬂft ?-ﬂ'n%%l%g\éiwtamlN)-'(Z-aminoethyl)-

1, 3- propanedi am ne to gl ve benzyl gl ycyl nzyl am no-
wp

acet ani do) - propyl ] ?I%?Pﬁ‘!faéé‘fa‘?ﬁ‘ At Buithe a‘l‘ﬂ“l“repr"[l’éﬁi]°“frﬂﬁ &r)Ae60,
(13252|[_Derr]5 é"? (M abfivle, byt 1in (dihe By, fckmani{de, aélH)hz stfivent t3.jield, afhhr 3.8
S, nation
- as\{p (A above y.g‘?‘é‘szﬁ ?ﬁg f"} gi%%al(%% 7 /bangllg{chﬁgﬂN-(; H’% t hree
~ami nes prepar ed asamge%mq}nelwl@ﬁ-(bewlmoeeytmﬂ-@)ﬂawémethn 65%
- 3-benzyl oxy- 2net hy. eiapyraqa Ms0) a1l 6208 EPUS, Qo(m Gu)mﬂ.rber(dI Qu paf.8 (4, 26),
descri bed in th| s BPBX]N-%(@H aﬁﬁget;%l a, H), Qrg)p(%r:egid)am é‘y%rEé’e tioen

respectively,
4- oxopyri d- 1351 acetsalind@) abdvel ?iﬁdé&ﬂeydtmye@pm hyth-75%0ytalyr éedan oil.
1-yl acet am m do) - pf&apy . \E {34 . “ - 1-
_ylacetyl)-N-[2-(3- Fg?dr S35V a3 Qim‘& .

et hyl]‘s-(s-hydro RARGace tamidao

The p-nitrophenyl ester of N—benzylglycine and N-(3-amino-
propyl)-1,4-butane diamine are reacted together and the reaction
20 mixture worked up in a similar manner to that described in (B)
above for the i'ea_ction of this ester with N-(2-aminoethyl)- |
1.3—pr0panediamine. to give N-(N-benzylglycyl)=N=-[3-(benzylamino-
acetamido)-propyl]-4- (benzylaminoacetamido)~butylamine, Vpax (nujol)
11660, 1625 cu™ '3 6(dgDMS0) 1.4 (m, 6H), 3.1 (m, 6H), 3.2 (s, 4B),
25 3.5 (d, 44), 3.8 (d, 2H), 5.0 (s, 6H), 7.3 (s, 15H), 7.4 (m, 3H),
7.8 (m, 3H). Hydrogenation as in (A) above yields the title
compound in 70% yield as an oil.
The three amines prepared as déscribed under (A), (B) and (C)
are reacted with 3_-benzyldxy-2methy1-4-pyrone in an analogous
30 manner to that described in this Example for N=(2-aminoethyl)-
1,3—pr6panediamine to give, respectively, N=[ 2-=(3-hydroxy-2-methyl-
4-oxopyrid-1-ylacetamido)-ethyl]-3-(3-hydroxy-2-methyl-4-oxopyrid-
. 1=ylacetamido) -propylamine, N-(3-hydtoxy-2-méthy1-4-oxopyrid-1-
_ ylacetyl)=N-[2-(3-hydroxy-2-methyl-4~oxopyrid-1-ylacetamido)~
35 ethyl]~3-(3-hydroxy-2-methyl-4-oxopyrid-l-ylacetamido)~-propylamine



-45- nd N-(3- hydroxy 2- met hyI 4- oxopyrid-1-yl acetyl) N-[3 (3 hydroxy-

2-met hyl - 4- oxopyri d- 1-yl acet ami do) - propyl ] - 4- ( 3- hydr oxy- 2- met hyl -
Mhd- | yl acet ami do) - butyl ami ne. Exanple 7: 05 "~ Preparation of
dr oxy- 2- met hyl - 4- oxopyri d- 1-yl acet am do) - _
- (3- hydr oxy- 2- net hyl - 4- oxopyri d- 1- yl acet am do) - but yl am ne
xy-1-(2' SUCC|n|nyloxycarbonylethyl) 2-nmet hyl pyrid-4-one is
pargd ffom 3-benzyl oxy- 1-carboxyes kyl pyri d- 2-one by reaction with
N- hydr oxygucci ni mi de as ‘described in Exanple 1, the conpound 10 bei ng
i sol ated iarndam-(éﬂ@dtgu!rﬁmthyér41®09m-ﬂedanéwd-NﬂEkhﬂqyﬂeow-f or the
corresponagi & L La- QR gnpound is
obt ai ned ?ﬁﬂgu&}x%eolig Egllsﬂamlg&{%&@%kg%;ejrjr? err] ?%JJ%IQ)&Y%SOO 1770,
1735, 162%-o%epygide Y}rcezaai%é“"mlm?es (s, 4H), 2.9 (t, 2H, 4.1 (t, 2H),

5.1 (s, 2iBxsmfle37(d, 1H), 15 ° 7.3 (s, 5H), 7.3 (d, 1H).
3 B‘j,ggg' Dk Jadat 154 GE QB[S vafd] " nethy -ls)-o EEE@‘I' = éceQamidogng (0.5 )
dropvvl se @¥epyliséni3Thydroxyn2-meshy A oROpYE tacetapidohehutplamine yj ne) (0.19

g) in nethyl eraanemyqbkﬁa-tmuatinm;%x carﬂaiﬂléﬁx?!blz-ﬂgtlgﬁ YtidQg-odes al | owed
to stand f,or hou and g ? q‘ [ 2dr| err and '
evapor at e &.st B“Ei‘&% ﬁ_rf% .4»(- enzyloxy~ -car oxyet r -2=0ne

benzyl oxy-ta.tm-hydro&yamqiymﬂelaqldasetmad cioy) Empgl]. 4he 3ohm;il OoXy-

-~ 2-methyl d i1 which
on t |%lur;bte ﬁj %ano%m%s Pﬁ’ﬂ ;{ﬁ?ggfg%xa% Eﬁaﬁm:é'{%]lés)atlon o

from et harf8F *drevegrr&smdeies s"m(?cF“CﬁHJ"‘"YéQ‘BG“TW#fﬂ{YA jesmpowms 0. 1640 159Q0
[err] 1.4 The cotipbund 44 dbtaifed) in OB yi8ld4dd a 13d(68 mip) 144146°%E, 4H), 4.9

((:Irsbeﬁlz_iill 3@33\(@?%}8%9%@ % ﬁna&ﬁ?m Eﬁzfrqcﬁ)gﬂo fz"‘%%e't h%ﬁfgegagl Onngi)l‘g/ohi//S v
acetic acid83(®, 48), i2s9 A%, a2, o3udts a&tlhb(ﬁrﬂt (st REY, @e&c(rdl,bﬁﬂ.l n Exanple 4
yl elds thg 3 (s, sm), 7.3 (4, 1H).
- 3=-Benzyloxy-1- (2‘succinimyloxycarbonylethyl)-Z-methylpyrid-é-
one (0.5 g) is dissolved in methylene chloride (30 ml) and the
solution is added dropwise over 15 minutes to spermidine [N-(3-
_ aminopropyl-butylamine) (0.19 g) in methylene chloride (10 ml). _
200  The tesultiné'solution, is allowed to stand for 1 hour and is then
washed with water, dried (Nazsoa)'and.evaporated to give N-[3-(3-
_benzyloxy-2-methyl-4-oxopyrid-1~ylacetamido)-propyl]-4-(3-benzyloxy-
' 2-methyl-4-oxopyrid-1-ylacetamido)~butylamine in 70% yield as an
oil, which on trituration ﬁith'éold ethanol followed by recrystal- \_)
25 lisation from ethanol givés a white solid, m.p. 89 C Vnax '
(nujol) 3250, 1640 1590 cmf1; 6(d DMSO) 1.4 (m, 6H), 2.4 (s, 6H),
2.6 (m, 4H), 2.8 (m, 4H), 4.4 (t, 411). 4.9 (s, 4H), 7.3 (s, 10H),
8.1 (m, 2H), 8.6 (d, 2H). Hydrogenation of this dibenzyl derivative
over palladium/charcoal in ethanol containin§ 12 v/v acetic acid
30 in an analogous fashion to that described in Example 4 yields the
title coﬁpound as an oil. '



t|t| e conpound as an oil. - 46 - Exanpl-e 8 Preparation of
N, N-di -[ 2- ( 3- hydr oxy- 2- oxopyri d- 1-yl acet am do) -

et hyl ] - 2- (3- hydr oxy- 2- oxopyri d- 1- yl acetanm do) - et hyl.anmi ne

3- Benzyl oxy- | - succi ni nyl oxycar bonyl net hyl pyri d- 2-one - 05 prepar
desc¥i bed in Exanple 4 - (2.1 g) is dissolved in di met hyl f or mani d
and tri-(2'-amnoethyl)-amne (0.3 g) is added with stirring. The
solution is stirred for 10 mnutes and is then evaporated to drynes
residue is extracted with nethyl ene chlori-débwater, the organic |ayer being
evaporated to 10 dryness. The residue is dissolved in 95% et hanol and
hydr ogenat ed over ¥#mpl#i8,nf charcoal, filtration and evaporation . yielding a
30| i d whi gh | Is gefsm@aw%oawﬁr NSO-IdH.d[Nﬁ&ﬁyd%ﬁi—!sﬁﬁipbtﬁﬁ-ﬂl—m@iaﬁﬂe)- 58%
esi ccated soli [ o gt.han S 0.82 ¢, 9
as a white solid, %Mt % %-ompﬁ -y i“%ﬁﬂ%&%@o cmg
6(d6DVSO) 2. 3 (s 6H) , 3-2e96y1(osy-mchMYJ(osyc&H)ony@eshﬂtpyrm-bZ-oe 55 (d,

3H, 6.9 (d,, . freépatéd a§"3esc§8%ﬁpi£ﬁaﬁg1€ P1LRaIRYH Oy @issolved in

N, N-di - (2[3 3hydrox Zf é -0 %/

1=yl ) - pr opi onami do‘}““’&f%&ll )’r‘?"’[" (<§°h‘§r‘§ ‘k‘i/"fingt Reingethyd)vanige $o3 o)
1-yl') - propi onam dois aiéed aptin@tirring. The resultant solution is stirred for 10

3- Benzyl oxy- 1- (2 Jighy! - ylayvr Ld-; 4= ane .-

. prepared as descrllﬁﬂgG a'E{ M?ﬁ%ﬁ@&%&%&%ﬁ %y@ﬁ: 'ﬂ%é rés1dds Weirracted
(2' - am noet hyl ) - an¥itd m#hahermamygéw‘vpmbeam é’fSQPiLCh&QYGGeBQ?PBbWPPFPted to

- Exanpl e 8 fof ?the ngaeia ONTHY rédiliue Ofd AEFEVIGed Anl95 etitdiol | dlidNNydrogénated
R (371575 SRR Sl bt BT Spr R ol «

B 0] - 921 5 3 bormsylidrapici st Hedicdatsdopyen dolidy NaOHr Opicomeesldbdstion

ethylam ne in 45%&@ %hsl éﬁiﬁfkﬁa %1%& %99&'5952'63&1.;@ 'vheFds? the t181d kon2- 6 (1,

2H), 3.3 4
_ H) (m4H), nd (0.82 g, 68%) as a white solid, m.p. 112-114°C; Voax
-1

e

15 ,(nujol) 1650, 1590 cm ; 6(d6DMSO) 2.3 (s, 6H), 2.95 (s,_GH),
4.4 (s, 6H), 5.9 (t, 3H), 6.55 (d, 3H), 6.9 (d, 3H), 8.0 (s, 3H).
Example 9 '

TheApgeparatién of N,N-di-(2-[3-(3-hydroxy-2-methyl-4-oxopvyrid-
1=yl)=-propionamido}-ethyl)~2=[3-(3-hydroxy-2-methyl-4-oxopyrid-

20 1=y1l)=propionamido]-ethylamine

3-Benzyloxy-=1-(2 '-succininyloxycatbonyle thyl) -Z-methylpyrid-
4-one - prepared as described in Example 7 - is reacted with tri-
(2'-amincethyl)~amine in an analogous procedure to that described
in Example 8 for the reaction of the corresponding 1-(2'-succinimyl-
25 carbonylmethyl) compound. Working up in an analogous fashion
gives N,N—di-(z-[3-(3—benzyloxy¥2-methylék-oxopyrid-1-yl)-prqpion-
am1do]-2-[3-(3-benzyloxy-2-methyl-4-oxopyrid-1-yl) propionamido]-
ethylamine in 45% yield as a thick viscous oil, 6(CDC13) 2.2 (s, 9H),
2.6 (t, 24), 3.3 (m, 4B), 4.1 (¢, 6H), 4.9 (s, 6H), 6.1 (d, 3H),
30 7.3 (s, 15H), 7.6 (d, 3H); 8.8 (m, 3H). Hydrogénation of this
tribenzyl derivative over palladium/charcoal in ethanol contain-
ing 1% v/v acetic acid in an analogous fashion to that described
in Example 8 yields the title compound.



g™

30 7.3 (a, 1511), 7.6 (d, 3H, 8.8 (m 3H). Hydrogenation of this
| banzyl deri vative over pall adi unf charcoal in ethanol contain- ing 1%v/v

N e conpound; - 47 - Exanple 10 The preparatlon of ﬁg
§r oxy- 2- oxopyri d- 1- ylacetyl)
ydroxy- 2- oxopyrid-1-yl acet am do) - propyl] 3-(3- hydr oxy-

- Z\ox0 yrp d- 1- yI acet am do) - propyl am Ze 05

yl pyri d- 2 one - prepared as descri bed
[ | s 48 9) is dissolved in dinmethylforma- mde (50 M) and a
sol ution'o‘\;‘é?rw—-am noprop I -1 3 di am nopro[i)ane in_nethanol (20 M) is
added ang2€ 198095 3 s Bt2Y3r ni ght. Rotary
evapor at |M3y{39-hj$:c&p—broangﬁiﬁa-1-thdmidb)-gropﬁ]eﬁmanﬁdrdxw th net hyl ene
chl ori de/%;‘gE; l '§1€£&§m£°2 ﬁﬁ 1531 (ll’l ed, evapor at ed to dryness and

d t
N??llﬁcggnzyl oxy-iznwéepyﬂ-eugcgnmwqumgay(lnwén%gnnsxy -prepared

sy Auivir i e A R L]
0 e (HOSRY SR soTuciBn ot wefy-amichron >3Lh3r-d%ﬂ§nea=°vspﬁ " (d

3H), 7.3 dpspethiabbl @03mI)mis Zid)ied derﬂgeneactuommmtmtehls dmodmlnzyl
deri vat n t / acetic acid
[ ﬁr;\r/\aaln\é oggﬁig P@Jljni nyt oﬂ}%&f é?a cr |§B§ ig%ﬂ ‘F,_lqugq, \é %{he ti It | e !

ayn
ﬁh.“ e

.conPbund i8s eawasnd vith mthﬁﬁaﬁmf@q&dqtmqrt-n owedamnam Mamkée . 1t

3- hydroxmxuﬂaae&:&mdd td&edfynbﬁﬁ&nﬁodﬁﬂiemﬂi&rpeidll twlrgiweffl cient Kp
eI o U LD e SRR Bl gl ) (concont i on
aqueous thpgyrid-‘l ~ylace tamido) -propyl]-3-(3-benzyloxy-2—oxopyrid-1 -
ylacetamido)-propylamine as an oil in 60% yield; 6(d DMSO)
15 1.6 (m, 4H), 3.0 (m, 8H), 4.3 (s, 6!1), 4.75 (s, 6H), 6.0 (t, 3H),
6.8 (d, 38H), 7.1 (4, 3H), 7.3 (s, 15H), 8.3 (m, 2H). Hydrogena-
tion of this tribenzyl derivative over palladium/charcoal in
ethanol containing 1% v/v acetic acid in an analogous fashion to
that described in Example 8 yields the title compound as an oil.

20 Ele 11
Partition data on linked 3fhydroxypyridone and their iron

complexes . _
The partition coefficient Kpart" being the ratio (concen- .

tration of compound in n-octanol)/(concentration of compound in
25 aqueous phase) on partition between n-octanol and aqueous tris
hydrochloride‘ (20 M, pH 7.4), is measured by spectrophotometry
at 20°C for various of the compounds of the previous Examples and
- for their iron(III) complexes (at 10 M). - The solutions of the
 complexes are either produced, for compound 8, by dissolving the .
30 pro—fomed complex p&:epared as described in Example 13, in the
aqueous ‘tris h_ydfochloride_ or, for compounds 5 and 10, by forma-
tion in the buffer _:gg_. situ by the admixture of a 3:2 or 1:1 molar
ratio, respectively, of the linked hydroxypyridone compound:ferric '
chloride, the pﬁ thereafter being readjusted to 7.4 if necessary.



hydrochloride (20 nM pH 7.4), is neasured by spectrophotonetry at [er#
for various of the conmpounds of the previous Exanples and for their /£
iron(ll1l1) conplexes (at [err]). The solutions of the conpl exes ar
prodyced, for conpound 8, by dissolving the 30 pre-formed conpl R
prepdred as described in Exanple 13, in the aqueous tris hydrochlofi dg Jor,
for conmpounds 5 and 10, by forma- tion in the buffer in situ by thg§ /
admi xture of a 3:2 or 1:1 nolar ratio, respactively, of 4he |inked
hydr oxypyri done conpound:ferric chloride, the pH thereafter bein

readj usted to 7. 4Acid weskesis gtassware .i4gusedcthtonghavadang, afahiaying d

throughout and, fQleloWnge Fhi100% 4q8lod Bh1liod REedG M aRdeaISLSRIUL i ON

I
with 5 mM n-oct anoF ?or 1 mnute, the aqueous n-octanol xéure |¢ -
centrifuged at 1, B8RP Hhe $EPaoNR Jgstanplmixpyre e‘§uf‘f‘ﬁtﬁbp‘1§ﬁ A 1,000 &
separated for a OFor 30 setvmési r The Cuwo (dsal tingaphames arespeparatgihfoomet ry on
each. For tfae ne < LN el ri r e

220- 340 nm ids3 use(ti%%%nrtg%#ghe‘n%eﬁgt-l ontgae('%lg r#p%gt@fog%%?%?n f %‘%ﬁfh?&igr gﬁe
conpl exes, the ramgtalzfpesddnkad hedroximyridens  eemroypisy the)rapgr, 22001#0aMhed
are shown in Tabl @sZuyseldnforl @oncent £11pA Udbd & riitia BforsCetiilist | fod the Hben Sane

nunberi ng system as that used in Tapl.e Tabl e Partition coefficients
Partition coeffi cicgmpeﬁﬁﬁ?-ttgﬁoﬁ?ﬂﬁﬁ??go'“% ll“(’.aj'sF‘r'se'%d'corrpound ~ lron
conplex 111 [[err] - (Vedwsouypi)cd]l &€ those obtained are(si@¥y in Table 2, the '
8- %0 8 10 compouchQ 2oe:l.ng identified by the samd) ngﬂbemng system as that 0.2
T used in Table 1. | |
—/ - '
Table 2 _ .

Partition coefficients

Partition coefficient Kpart

Compound Free éompound Iron complex

[FeIII-(compound)sl

5 _ 0.017 " 0.10

8 - 0.02 0.03

10 0.2 ' _ 0.3
A Examgie 12

In vitro tests of iron binding capacity
The linked hydroxypyridone compounds used in this Example
15 were prepared as described in various of the previous Examples and
are identified in Tables 3 and 4 below by the same numbering
system as that:used in Table 1.
(1) Mobilisation of'iron.from ferritin
Horse spleen ferritin (Sigma) was used without further
20 purification and its iron content was estimated spectrophoto-
metrically at 420 nm. The ferritin solution in phosphate buffered




Exarrple 12 In vitro tests of iron binding capacity The |inked
Xypyridone conpounds -used in this Exanple 15 wer e prepared as

_ urther 20 - purification and its ifron content was esti mated
photo- netrically at 420 mms4dihe ferritin solution in phosphate
- 49 - saline ( becch[err], pH 7.4) was incubated at [err]
with the eebimuiDulbiecdd-OXOID 24Bhbu)svas\dobubated iat 23%C atlen xture
with ferrig t fl i cul ar F onpl ex
wer e separ é% n‘2(5""§J;l§1'(‘:ihrgtg;r}lal%t&olr( r%ghé gt g(ﬁﬁu%é @%Q}(%ané g““LLL%S{:)er ption
spectra of’il‘-hefeﬁ?b?#&n@dl G‘W rPBFE”é’HP—ﬁ? %*thi‘ﬁ%&l’?’dﬁsn%% recor ded and

the per geﬂbﬂﬂﬁxofreﬂer eaparremegl éﬂremidgeaﬁtﬁyr bhtdephudex CPJ.Culmd ed and is
r epor te |

ted
usi r?g? a bI Séﬁ? rsgfcgr : a%ﬁlk' ﬁa?‘&“ﬁ%‘%‘gbe‘%gﬁf VP\%SCLﬁBgﬁnS
1- et hyl - 3-Whydrrsgylp§ﬁil Mtbﬁn@eteentage (qr{t i{@r removiell . fromnthed fexdiomm resul ts

reported hﬂst&ﬁchétﬁﬁaiddr €s f1QboStedl 1R TabES3S VeolrNcduiphbdtive ﬁééé oxami ne
(Crichton et al . Inorganlc Bi ochem , 1980, 13, 305) and w [err]

LI CAVB (TGP%trRPE'Pd“&F v Berrated pisdphyRs blagk 5ontrghs andoaleosBtfb are al so
given in the siagle rihg, biidéntaee sompoiddai-dthel+3-hirdrbxiypgiridsy-ond5

pyri.done g‘pmsm a ff I rritin than
the ‘9 ngl 39“ ng g)(s)rrp(%ﬁn iéirogbgfﬁsli’ws ‘QE {tgg?# an Qgﬁi{ui}g}he%m ze of the
i ron conplsdRElarf testsdvithi kex t1ﬁosé1 gesfgzsionapine (Grirbgen #3dal,l CAMS, are t oo/

large to maPiibrkadRNBiddeR. | 1986,215] t308) Raiaessen( 8)Ragr 3 heLechr ade Mark.
.(Tufanb et al, Biochem. Biophys. Acta, 1981, 668, 420) are also
given in the Table. It will be seen that the linked hydroiy-
15 pyridone compoundé are less effective at removing irom from
fetritiﬁ than the single ring compounds probably owing to the fact
that the size of the iron compiexes formed, like those bf desferri-
. oxamine and LICAMS, are too large to rapidly penetrate the ferritin

pores.

(1)Registered Trade Mark.




~ 50 - Table 3 Renoval of iron fromferritin Concen- Percentage of iron

renoved Conpound ~tration M : 6 hours 24 hours.
Cont r ol ' . <1 . <1

J1- et hyl - 3= hydr oxypyri d- 4-one X ' [err]

44 4 [err] - <1

[err] 3 10 Desferrioxamine [e
1.5 - LI CAMB : - 50 <[ err] 0

- (2) Mobilisation of iron fromtransferrin Human transferrin (Sigm) was
| oaded with iron(I| [Zeklery t he nmet hod of Bates and Schl aback, J. Biol. Chem
(1973) 248, 3228. 8mdvsQNof lilrbn firbmehkei¢igh [€rr] was |ncubat ed with a
[err] 05 solution Tn trrs AHCL (0-T M pH 7.4) of one of various

pyri dones as i ndi cj ' heu-p-s—Ape-t-La-ns-f-eu-i-n—.
(inadm xture with gjransferrin) and the par Lar I donel
conpl ex (Fe conpl ex were separate by,%iliéromat ogér(ré%ﬁp&lsg 9% cfe??('m@ @]
The [err] contenf of botemepuRdt i ons wis &e2tdori ne
percentage of ironjrenmoved fromtransfefrin was calculg@hggksan
in Table 4. For cojparative purposes, this procedure was repe

L - I

LTIT

| 94 rfpRest ed
ed with

desferri oxam ne an:iCI: | 't wll be senth_at threerwg []0) undE%
particul ar, gives par 24 y better resul §s than desflrrioxam n :?'A
: 1~ethyl=3=hydroxypyrid- .
4-one 1073 25 C 44
.- 4 107 <1 3
N/ _ . 4 ,
8 10 7 3 10
Desferrioxamine 1074 1.5 -
LICAMS 6 x 107> -0 -
(2) Mobilisation of iron from tramnsferrin
Human transferrin ('S:I.gma) was loaded with iron(III) by the
method of Bates and Schlaback, J. Biol. Chem. (1973) 248, 3228.
_ 1ron (111) transferrin (10™> M) was incubated with a 4 x 10> M
05 solution in tris HC1 (0.1 M, pH 7.4) of one of various pyridones
as indicated in Table 4 for periods of 6 hours. Apotransferrin
W, (inadmixture with transferrin) and the particular linked hydroxy-

(HI)_ complex'were separated by chromatography

‘pyridone complex (Fe
or Sephadex G10. .The 59 content of both fractions was determined
10 and the percentage of iron removed from transferrin was calculated
and is reported in Table 4. For comparative purposes, this procedure
was repeated with desferrioxamine and EDTA. It will be seen that
three ring compound 8, in particular, gives markedly better results

than desferrioxamine or EDTA.



. oxypyrid-T-

51 - Table 3 Renoval of iron fron1transferr|n Percentage of iron renoved

Conpound after 6 hours 5
) . 40 Desferrioxam ne _
17 27 Exanple 13 Preparatlon (e}

onpl exes The. iron conpl ex of

~1f6-@i J- hydr oxy- 2- oxypyri d- 1-yl acet am do) - hexane (conpound 4. descri bed

e 4) is prepared by either 05 procedure (a) or procedure (b).
An /aqueous sol ution of 2 nol argqequivalents of ferric chloride is

-re‘cteo for 5 minutes at roomtenperature with an aqueous sol ution

contatni ngaﬁ_errgl ar equivalents of 1,6-di-(3-hydroxy-2- (1)

do)_-hexane _ .. The resultant solution is 10
adj ust ed —2—ReraF—agdeous sodi um hydroxide and is then
freeze dried. The resultlng powder .is extracted with chloro- form filtered
and the fjltrate subjected to rlotary evaporation to give an ess¢ntially
quantitatfve yield of a conpl e} contEgregntgee [pf iron removed _ _
1, 6- di - (3 hydr 0xX5PmPe®B&pyri d- 1-y| acet ami daFe&reansuchi val ent ani ¢n 15 and
t he ferril cation. Recrystal lijsation of the conplex from (1) Th :
concentrajtion.of the 1 nked hydroxypyridone cogound 1s 0.1M although this
figure be“varied, for -exanple in a range of "0.01 to 0.05M being
constrai ned a8 the upper end of{ the range by tKk8 solubility of §he conpound
in the r ctlggsﬁg&y@a&ﬂne N et hanol-'gi vgg wi ne red col oufed

crystals,} mp, {err] | 27 | \_)

Example 13
Preparation of the iron complexes -
The iron complex of 1,6-di-(3-hydroxy-2~oxypyrid-l-ylacetamido)-

hexane (compound 4: described in Example 4) is prepared by either
05 procedure (a)'or,procedure (b). _ _
(a) An aqueoﬁs solution of 2 molar-equivalents'of ferric chloride
is reacted for 5 minutes at room temperature with an aqueous
solution containing 3 molar equivalents of 1,6-di-(3-hydroxy~-2-
o?YPyrid-1-y1acetam1do)-hexane(1).' The resultant solution is
10 adjusted to pH 7.0 using 2 molar aqueous sodium hjdroxide and is
then freeze dried. The resulting pdwder is extracted with chloro- g-)
form, filtered and the filtrate subjected to rotary evaporation to
give an essentially quantitative yield of a complex containing the
1,6=di-(3-hydroxy-2-oxopyrid-1-ylacetamido)-hexane bivalent. anion
15 . and the ferric cation. Recrystallisation of the complex from

Dy éoncent:atioﬁ of the linked hydroxypyridone compound
is 0.1 although this figure may be varied, for example in a range
of 0.07 to 0.05M, being constrained at the upper end of the range
by the solubility of the compound in the reaction solvent.



~(nujol) 1, 520 1, 610 [err] (b) An ethanollc solution of 2 nolar equival ents
of ferric chl oride Is reacted for 5 mnutes at roomtenperature with g 05

chl orof orm sol ution containing 3 nolar equivalents of 1,6-di- iy
(3- hydr oxy- 2- oxopyri d- 1-yl acet ami do).- hexane(1). The resultant solfiti.
neut‘r"al i sed by the addition of 'solid sodiumcarbonate, the precipiftated s

an essentially quantitative yield of a 10 conpl ex containing tke
1, 6-di - (3- hydr oxy- 2- oxopyri d- 1-yl acet ani dq) spohexane bival ent anion and the
ferrlc cation, mp. > 300 C _

N, N-[2-(3- hydroxy thepmvds Yriyé aeetAIbGRN- etydthals 2n.p. 300°C, v

( 3- hydr oxy- 2- oxopy |d &2 gg&t ?rrg.lq)o% -t hyl am ne (conpound 8: de'?d‘rl bed in
Exanple 8) is reac ed PC chforide ina 1:1 15 nol ar ratio by
ei ther procedure (&) ofn (ebya%év@@et@wef theokeauequivalenss( of fprxdgnt ai ni ng

El.hel N, N’E[Z 83 hYErh&i%rfdég Ebérabijed for 5 minutea at r?om tempetature wj{.th la

yl acet ami e OXOpYT | a y ani ne
trival ent anidn an IPﬁ%f‘T(‘Er?%/]ﬁ‘tg |°8'F1tﬁiﬂg{3 ‘b‘%@éaﬁ""é’ﬁ?’%‘t? Hfs ? HTex is
obt ai ned as w ne r&}hgmthMxﬂﬂyridﬂ-@ﬂyséahSdo)ﬁhaxan‘e 0 The [resxﬂ]:a(mUJ ol)
1530, 1580(w), 16206809, J@e@%éﬂ% apRd &:ﬁ:io o“c" éﬂdt gﬁiﬁmo&fﬁomte,

per meation of iron conmpl exes I n eryt rocy

accumul ation of irthe ayeq#aweérsadﬁmwﬂesidﬁmmve# é"Ya%%]GE#ﬁPeda% the t he
Ibr on COgD' exesf of fﬂﬁ:@&t&‘é@i&tﬁd&l dg;ﬁﬁrbbﬁﬁ ebéhxﬁi&if.lyeﬁuﬁiﬁimﬁﬁ }E&dﬁfudl ed
y .incubatin or r at S of .erythr I N N
- medj_ym consi 39 i ng ‘b‘fmpgfé i) nf"ﬁ 'FHE fc'g"igﬁg {éﬂlﬁﬁy g °¥ ?‘fﬁ cetanido)
hydroxypyri done compeaadcdivaldntliiznt sulghe tfereid cgtios, map.be marc.ed for
exanple in a range of ﬁ),ﬂjfz.t@,- @@%-Mgg@ﬁ@ﬂﬁ%&ﬂgﬁﬂiﬁ)_gm r end of
- the range by the sgl ubi ! ¥ he Cconpound the reactign solvent.
(3-h ydroxy-z-oxopyrid-1-ylacetamido)-ethylamine (compound 8:
described in Example 8) is reacted with ferric chloride in a 1:1
15 molar ratio by either procedure (a) or (b) above to give the
neutral iron(III) containing the N,N-{2-(3-hydroxy-2-oxopyrid-
1=-ylacetamido)~ethyl]-2~(3~hydroxy-2-oxopyrid-l1-ylacetamido)~
ethylamine trivalent anion and the ferric catiom in 1:1
preparation. This complex is obtained as wine red coloured
20 crystals, m.p. > 300°C, v___ (nujol) 1530, 1580(w), 1620(w)

and 1660 cm .

Example 14

In vitro tests on permeation of iron complexes into human

erythrocytes '

25 The accumulation of iron by human erythrocytes which are
associated with the iron complexes of three compounds described in
earlier Examples was studied'by incubating for 1 hour at 37°%

a 5% suspension of erythrocytes in a medium consisting of the 59Fe

(1)The concentration of the linked hydroxypyridone compound

is 0.1M although this figure may be varied, for example in a range
of 0,01 to 0.05M, 'be:lng constrained at the upper end of the range
by the solubility of the compound in the reactiom solvent.



- 53 - labelled iron conplex(1) [err] in aqueous sodiumchloride (130 m\
bus Q. to pH 7.4 by tris hydrochloride (2 n). Follow ng this period of

in i , an aliquot of the erythrocyte/ medium m xture was placed above
a fgyer/o silcone oil and the erythrocytes 05 separat ed by P
canty ~ugat|on through the oil. The 59Fe | evels associated with the ‘
erytx yfes and the incubation nediumwere then counted. By way of

conparisgn, a simlar experinment was concluded with ferric citrate. The-
resu Obt ai ned are shown in Tablesd where the anount of the conpl ex
entering erythrocytes 10 (n.nole) is given, the quoted values being in
eaCE c?se ﬁm@lmaﬁ&f calp1b£E3t (4¢TPe) Qat &{débaatdo@ﬂ& ctioz%élnfs_er nabilsen; hat
each of the_jron co e rri i trat abl' e

pt ake of PESIABRE S PR, i Y HEGRJVBZSIBEME §F Hanp Ik esifBotiia

ent eri ng eeyiddr of yingubgtionplan) aliguet afonipe nytifrocyﬂ'qfoned:lud mixture '

52 [err] GQMI@Xe@fabSWOHMr of silc me oil ar and the %th%é’y]tegonpl ex of

conmpound 8 [err
<5 (0) The SEPRRtES AN E%"‘S‘Pgattl’l%“ é@ﬁ?ﬂﬁ?n&%‘ 311% pf'"B?)ar Ee leNels ty in the
buf f ered askdtiaeed mtmgherayeafmuad aafdeHec iiidubabicix aédiuws @dd@ | ar ratios to

 pose o= Shbk Shbihy e b [ReabOIRC Pt Sl B coand S 1
Exanpl e 1%oncluded with ferric citrate. The results obtained are shown in
Table 5 wvhere the amount of the complex entering erythrocytes
10 (n.m_ole) is given, the quoted_ values being in each case the mean u
of at least three determinations. It will be seen that each of
the iron complexes compares well with ferz;ic citrate.
Table 5
Uptake of complexes by erythrocytes

Amount of
complex
Compound _ entei:ing
erythrocytes
{n.mole) .
FeIn complex of compound 4 52 _ | : _
'FeIH éomplex of compound 5 85 o
Felll complex of compound 8 45
FeIII citrate | ' <5

4D The iron complexes of the compounds are prepared in situ in

59013 in exactly

the buffered solution us:l.ng ‘the compound and ¥
similar ratios to those described in Example 13 for compounds 4
- and 8, and for compound 5 in the same ratio as described in '

that Example for compound 4.



I'n vitro tests on perneation of rat jejunal sac by iron conplexes The irm
uptake into the serosal space of the inverted rat jejunal sac was copgared
for the iron conpl exes of two conpounds 05 described in earlie '
Exaanes Rats (mal e Sprague Dawl ey, 60 g) were killed and the j ¢
renoved, everted and cut into three segments (4 cmlength). The s
wer e t|ed at both ends and filled with Krebs Ringer buffer (0.2
incubated in Krebs Ringer buffer containing 59Fe conplexes at 37 C for
periods up 10 to 1 hour (the iron conpl gyes were prepared in situ by an
anal ogous procedure to that described in Exanple 14). The contents of the
sac were counted frambPEegsand neasured spectrophotonetrically The results

obtained for the t E n.co Iexes as ordlsn Q a presEnt |nvent on and,
by way of conparl FD ot sﬂ? q gaé al i

conpounds which is conThe Agen iuptgkecpatoathe seronalkepasd ¢fHrthe Havertedt namnt of
iron deficiency anfiggha saé Sva3NOoipa k& -EaplﬁxeGj.rJnhgodprl%sUQf% é&rpomh

conmpound bein sho rel ve t t hat f ferric chlo |
~ seen that th@-gcom SFrE Relsd, Beamp e? nvEsts 6%%&%5}*5\}1%% P%\Fél of

tron 20 upt ak ewenei kil led amdgnhé Jefuniuh yrdmogérty evéxredtdnd bwtvdhtohbese/ed

fUB'[ a{(:r { Ie(r:ri:l trat €s Mse (9 gellétldtﬁ? CQ’HP%QQents were tTed aI both endr andI ron

conpound 5 filled VithllgeP%rﬁiPS%r‘?gf@F 69- %th@&ﬁd“@“ ated in Kfebs

11 [err] nit raitinger buffer containing > Fe complexes at 37°C 86r petfid¥Sug. A

Coq\rfund 'n ‘%1 ch towq hour trhee Iﬂtcp %.omp %;:2 wggle %%Lgadredri?nmsitu by an analogous

procedure to that described in Example 14). The contents of the

sac were counted for 59

Fe and measured spectrophotometrically.
The results obtained for the two iron complexes according to
the present invention and, by wﬁy of comparison, for ferric citrate
15 (this being on ironm compounds which is contained in preparatioms
marketed for the treatment of irom déficiency anaemia) are shown
in Table 6, the iron uptake for each compound being shown relative
to that for ferric chloride as 1. It will be seen that the com-
plexes of the present invention each provide a level of iron

20 uptake which is significantly higher than the level observed for

ferric citrate.
Table 6
Relative
' Compound Iron
Uptake
_ FeCl3 1
Felll complex of compound 5 15
Fe' 'l complex of compound 8 _ 11
Fe''l nitrate - ' 2




3- hydr oxypyri d- 2- ones, 3-hydroxypyrid-4-ones and 1-hydroxypyrid-2- ones,

are covalently linked, with the rings retaining their adj acent hydroxy and

ox@gryups. 05 2. A conpound according to Caim1, in which the |inked .
yngs axe substituted or unsubstituted 3-hydroxypyrid- 2- ones and/or

: __pyrld 4-ones. 3. A conpound according to Claim1l or 2, in mhlgﬁ

"are either unsubstituted apart fromlinking groups or are

fonjal |y 10 substituted onlg by an aliphatic hydrocarbon group of 1

f\o 6°caybon atonms on one or nore Py carbon atons. 4. A conpound accor ding

m1, 2 or 3, in which the rings are either unsubstituted apart from

|'i nki ng groups or are additional bstituted only on one ring carbon

atom 151, A codpoimdpPinwhiichC ¢ed d:rngoxteorfﬂgal, nbedngiselebten ftdie rings are

sel ecte h h

3- hydro%yégg%g#ﬁtd X-oéés yﬁ%ﬂp acco g@s %ﬁ F%ﬁ,ﬁp&#,pg’{f‘% 1to5, in
whi ch t\amesi [arecceyrlenfly binksd; d'ilthn'ijl;f} pings| #%Ré@ﬂ-nszeheir?adjacﬁ‘n%orrpound
accordl r}gdt_-&yChm 6, gdodpihi ch three of.said ri ngs are | i nked. 8. A

und, accordin to Cla t i n,wh s are |inked by
| i %Sng Zr oup SR q“@ﬁ aa‘r‘:@r%’rntghé? C\?oﬁ%‘?l "E’C"H'yép rﬁ%ﬁ%re or which
addi t i orexel subsohtwtied menmbsmbtxﬂ:edf}thhérwﬂsz-on@s ghdf/ber ent groups

sel ect ed, % &mifi -dnes. -N, -CONH- and [err] 9. A conpound
accordlng 0 aﬁ 0 al ns 1 to 5, in which two 3-hydroxypyrid-2-one or two

3- hydr 0x3rpyr4 @ompassd 39caEdingr £0 (GlakRd eh2oulh ¥hikeh the g8 aF€ons t hereof by
a group e{ieﬁéﬂ uh@&ﬂs]u&&rea] apifi@r fick DidkSn@grbifL o arkl MB1B16kh1lz, @ and b a&

eacqosepag :Letu¥e<? bej\'gan aliphatic hydrocarbon group of 1 to 6 carbon
atoms on one or more ring carbon atoms.
4, A compound according to Claim 1, 2 or 3, in which the rings
are éitﬁer unsubstituted apart from linking groups or are

.addi;idnally substituted only on one ring carbon atom.

15 5. A'compound according to Claim 2, in which the rings are -
selected from 2—methyl-3—hydroxypyrid-h-one and unsubstituted
3-hydroxypyrid-2-one. |
6. A compound according to any of Claims 1 to 5, in which two, -
three or four of said rings are linked.

20 7. A compound according to Claim 6, in which three of.said rings
are linked. ' _

8. A compound according to Claims 1 to 7, in which the ringS'Are
linked by linking groups which are either wholly of a hydrocarbon
nature or which additionally contain one'or more of the same

25 or different groups selected from -0-, -8§-, -NH-, -N-, -CONH~-
and -cou( . . |
9. A compound according to any of Claims 1 to 5, in which two
3-hydroxypyrid-2-one or two 3-hydroxypyrig-4-oﬁe rings are linked
through the nitrogen atoms thefeof by a group —(Cﬂz)n-,

30 -(caz)a-NH-(Cﬂz)b-, —(CHZ)c-CONH—(CHZ)d-NHCO-(CHz)c- or
-(cuz)c-CONﬂr(CHZ)e-NH—(CHZ)f-NHCO-(CHZ)c-, wherein n is an

integer from 6 to 12, a and b are each separately an integer




156 - from2to 6, cis an integer from1lto 5 dis an integer frol
8, and e and f are each separately an integer from2 to 4. 10.
according to Caim9, in which cis aninteger from1l to 3 and tfe sj
t he- t.hlrd and fourth types of linking 05 group is limted by tfhe

reSp'ectlver 11 Acorrpound according to C|a|m9 I n V\/mchnls‘8 ;
and .b are each separately 2 to 5; cis 1 and dis 6 or c is 2 an s 2 or
4; and c is 1, eisZandf|33orC|s§,_ei3210 and f is 2. 12. A
conpound according to any of Clainms 1 to 5, in which three

3- hydroxypyri d-goang «r 6{ i €8 a3 exX BBy 1 Fo45,08e14 laagﬁ:ag& Ik ik @d
t hrough the nitrogen t ons .t her eof an |nteger

froml to 5 e Hhl randre andch axgy t%?pfg‘i%etig %‘hi?’}ﬁ‘ gf“ﬂ"‘?éfﬁ I2§to 4, gis
an integer fronda. t& &mw@dhac&rﬁng no é}eim f%, 0tm Fhich 4: igd 3n intceﬂ!pound
according to C gl {2, 3%&6“&@3&# %fa{ihei‘ﬁfrqeind‘ 082 th tfbed @f“iﬁl&%gS' ze ]f)f

the first |inking groug limte ul rement that 2 +
4 12 whi | st0% he8toup el findted Xy th%éeewq“Pm het frdup & & 4§rrned by the
requi rement thaindf 6rg @aghe ef+afc\<+1;e, teépeca«ely.e +hand 2 c +f + h the
sumis greater an, or bu tha a 1 A
conmpound accordf °&P§P§11 °r91 g\M&I ﬁ'ﬁm 41 il]n%i&gu L ;80142‘3 a;kd is 1,
or cis 1, e |38181 bfaneseﬂctaﬁebagaltsl}’lz W 56 |°si§ 1 @engsl is § gr3c ip 2 ¢ 4 and ¢
s 2, and c andPBU L3 or B;=tand €.180%, @ 152 8hdl €153 orhe 1822, e 15 257 -
15. A corrpound accar di r}g to'dlaim1, bei ng N-(3-hydroxy-2-nethyl -
4\_>5,opyr|d1l yl%ﬂf'etfyﬁ N-[ 2- ( 3- hydr oxy- 2- net hyl - 4- oxopyri d- 1-

12. A compound according to any of c;aims 1 to 5, in which three

3-hydroxypyrid-2-one or three 3-hydroxpypyrid-4~one rings are linked
through the nitrogen atoms thereof by a group ' '

-N-(CH

2)e -NHCO-(CH

-(CH,) ,~CONE-(CH ¢ 2"

|
cof(CHZ)g-'_ or

-(CHZ)C-CONH-(CH -N—(CHZ) -NHCO-{(CH

(CHz)h-NHCO-(CH

2) e

2)c-

wherein ¢ is an integer from 1 to 5, e and f are each separately
15 an integer from 2 to 4, g is an integer from 1 to 3 and h is an

integer from 2 to 4. |

13. A compound according to Claim 12, in which ¢ is an integer -

from 1 to 3 and the size of the first linking grdup is limited by

the requirement that 6 { 2 ¢ + e + f & 12 whilst the size of the
20 second linking group is limited by the requirement that for each

of 2c + e + £, 2c+e+hand 2¢c + £f +h the sum is greater than

or equal to 6 but less than or equal to 12. .

14. A compound according to Claim 13, in vhich ¢ 18 1, e 1s 2, £

is 3and gis 1,orc is 1, e i8 3, £ is 4 and g is 1, or c 1s 1, e
25 is 3, £ is 4 and g 18 2; and c = 1 and.e = f=h=2 orc f 2

"and e= f = h =2,

(TS



yl acet am do) - et hyl ] - 3- (3- hydr oxy- 2- met hyl - 4- oxopyri d- 1-yl acet -
am do) - propyl am ne, N-(3-hydroxy-2-nethyl -4-oxopyrid-1-ylacetyl)- 05
ydr oxy- 2- met.hyl - 4- oxopyri d- 1-ytacet am do) - propyl ] -4- _
(W 2- net hyl - 4- oxopyri d- 1-yl acet am do) - butyl ami ne, N, N-di - _
Wdr oxy- 2-net hyl - 4- oxopyri d- 1-yl ) - propi onani do] - et hyl ) -2- . o
"oxy- 2- met hyl - 4- oxopyrid- 1-yl) - propi onam do] - et hyl am ne,
- hydr oxy- 2- oxopyri d- 1-yl acet am do) - et hyl ] - 2- ( 3- hydr oxy-2- 10
\1-/yl acet am do) - et hyl am ne, or_ N-(3- hydr oxy- 2- oxopyri d- 1- :
[ 3- (3- hydr oxy- 2- oxopyrla 1- yl acet am do) - pr opyl ] - 3- g i
2- a Y] - accordi ng
52- 0K Qoiduila lacto PRI k111G W%ﬂg‘kggs thyroky LHPAAC

t of the edi n | N5 _contaln rings from
BOhsgyoxy&/f’f -yiigr?eglg"rﬁfyl N‘[Q‘WBYGW?SWGIWJGHE@‘WW%MHure with a.
3- hydr oxymlacd:—aﬁiMe-eomyﬁ-hy@ﬁﬁmyyi-zi-métmeasmsrtidﬂEﬂa‘éat-t he nitrogen

at om t her egla By o2, AbbARA! k& KINACI DD AFOUD,0F 1 (g0 ators and
e (3Hhydadagt vy

optionally on 0 mor ¢ of g carpon a an aliphatic
hydr o@&r bl é'r@Ubywxx-%eshxiaﬁmpmm-ymetamﬂo)-p&ozxidpétlnd according to

any of C ?Bnﬁyd}oi:fl-ZlﬁetHMlLGIbioﬁy?HL@-ﬁ}lﬁQeiﬁia?%ﬂ?ﬁ{%iﬁ%t 193& Z\nlfgro'rbl\n iron
I cor 0 an a

o oS LTRSS kBt - St i siroitc 12"t g

t he neutrdB—éhhpﬂmycmmﬂ%go&omtm-pl)o-mbp:lanamﬂo]héﬂﬁ(lhdﬂu)e,and 1 rm: ar

proporti oy Riqslipe- 3'-H§‘cﬁ‘$x§rﬁ-%§?ﬁ]9cflﬁ-f3?18 gd}:;% ylﬁoﬁé Cze‘i%' 0?8

COI’TpOSI ti on conprl si.n conpo acc

~and 1% to§§??9§|i V\hyljra%FtﬁH%‘?)GF byyilamine, 30 aﬂtYéE?szeoxﬂPV‘a@m‘-or carrier u
S 2L A phammatﬂ)+m4[3ﬁmw&ym@eﬁﬁriduwla@e&mmeo@yiuci)- conprises a
50' 1d car i &y q3Bel 125 o) o814 AL 5L LARS Er%yfmai' adm ni strati on.

16.. A compound according to any of the preceding claims

containing linked rings selected from 3-hydroxypyrid-2—ones and

15 3-hydroxypyrid-4-ones in admixture with a 3~-hydroxypyrid-2-one or
3-hydroxypyrid-4-~one substituted on the nitroéen atom thereof by
an aliphatic hydrocarboﬁ group of 1 to 6 carbon atoms and.optionally
on one or more of the ring carbon atoms thereof by an aliphatic
hydrocarbon group of 1 to 6 carbon atoms.

20 17. A compound according to any .of Claims 1 to 15, which is
attached to a support material. -
18. An iron complex of a compound according to any of Claims 1 : _
to 15. ' : | K_)
19. An iron complex of a compound according to any of Claims 6 ' :

25 and 12 to 15 being the neutral complex containing 1 molar proportion
.of iron(III) and 1 molar propottion of the linked three ring
compound anion.

20. A pharmaceutical composition comprising a compound according
to any of Claims 1 to 16, 18 and 19 together with a physiologically

30 acceptable diluent or carrier.

21, A phatmaceutical composition according to Claim 20 which
.comptises a solid carrier and is in a form suitable for oral
administration. .

S - S JRR



T 58 - 22. A conpound or conplex according to Claim1l or 18 as de
herein in any of Exanples 1.to 10 and 13. 23. A conpound or cqg
according-to any of Clainms 1 to 19, and 22, for use in therapy. |
The-use of a conpound. according to any of Clal ms 1 to 17 .for/ the.
mantfacture of a nedi cament for use in effecti ng a reductio
| evel s of a netal in a patient's body 25. The use of an iro '
according to Claim18 or 19 for the nmanufacture of a medi cament for use in
increasing the level of 10 iron in a pasgent's bl oodstream - '

22. A compound or complex according to Claim 1 or 18 as described
herein in any of Examples 1 to 10 and 13.

23. A compound or complex according to any of Claims 1 to 19,

and 22, for use in therapy.

05 24, The use of a compound according to any of Claims 1 to 17 for
the manufacture of a medicament for use in effecting a reduction
in ‘toxic levels of a metal in a patient's body.

25. The use of an iron complex according to Claim 18 or 19 for
the manufactufe of a medicament for use in increasing the level of

10 iron in a patient's'bloodstream.

L



